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; to (1) overall sound pressure levels, (2) sound pres- Write for a copy. 


sure levels of components in octave bands through- 
out the audible spectrum, and (3) sound pressure 
levels in bands narrower than whole octaves. 

This unit, based on a design developed for Mine 
Safety Appliances Company by Allison Laboratories, 
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The overall Sound Level Section covers the range 
of 24 to 150 decibels. Overall attenuation can be 
varied through a range of 110 db. in 10 db. steps. 
The Analyzer Section, controlled by coupled knobs, 
measures sound levels in each of the seven octave 
bands from 75 to 9600 cycles. Analyzer attenuation 
can be varied through the range of 40 db. in 10 db. 


steps. The Narrow Band Analyzer function utilizes Fabric luggage cover with shoulder straps provides protection 
facilitates carrying. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pa. 


SAFETY EQUIPMENT HEADQUARTERS 


At Your Service: 82 Branch Offices in the United States and Canada 


q 
* @: aa 
& 
‘ A “> < 
c c 
ae 
a 
( 
: 
; 
q 
bes? 
5/ 


Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor. Articles are accepted for publication on condition that they are contributed solely to this 
journal, 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a l-inch margin at 
each edge. Another carbon copy should be retained by the author. 


The main title of an article may not contain more than eighty characters and spaces; 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medica. 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 

If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the original publisher. 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted. Prints of a bluish tinge should be avoided. Large photomicrograph prints will be re- 
duced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
are to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
are requested. Paper clips should not be used on prints, since their mark shows in reproduc- 
tion, as does writing on the back of prints with hard lead pencil or stiff pen. Labels should 
be prepared and pasted to the back of each illustration showing its number, the author’s name, 
and an abbreviated title of the article, and plainly indicating the top. Charts and _ illustrations 


must have descriptive legends, grouped on a separate sheet. Tables must have captions. IL- 
LUSTRATIONS SHOULD BE UNMOUNTED. 


References to the literature should be limited to those used by the author in preparation of 
the article. They should be typed on a special page at the end of the manuscript. The citation 
should include, in the order given, name of author, title of article (with subtitle), name of peri- 
odical, with volume, page, month—day of month if weekly or biweekly—and year. References 
to books must contain, in the order given, name of author, title of book, city of publication, 
name of publisher, and year of publication. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 


= 
| 
= 
a 
= 
| 
~ 
a 
4 
| 
: 
Chicago 10 J 
6/ 
| 


SPECIALTY JOURNALS 


PUBLISHED MONTHLY 
BY THE AMERICAN MEDICAL ASSOCIATION 


NEUROLOGY 
GENERAL PSYCHIATRY 


"SURGERY 


“PATHOLOGY 


DISEASES OF CHILDREN 


"OPHTHALMOLOGY 
INDUSTRIAL HEALTH 
DERMATOLOGY 
"INTERNAL MEDICINE 
OTOLARYNGOLOGY 


Each journal offers the latest medical research and developments of outstanding specialists. = 
Edited for the doctor by prominent authorities in each special field, these journals are of q 
value not only to the specialist but to the general practitioner as well. 
To order your subscription to one of the A.M.A.’s specialty journals use the form below. 


AMERICAN MEDICAL ASSOCIATION (One year rates) mm | 


535 North Dearborn ¢ Chicago 10 ie. 
Pleas t subscripti h heck igh A.M.A. Arch. Neurology 00 $8. 
ease enter my subscription to the specialty journal chec ed at right. 8.00 8.00 10.00 


Remittance for [) one year () two years is enclosed. 


Arch, Dermatology 8.00 8.00 10.00 
A.M.A. Arch. Industrial Health 8.00 8.00 10.00 


— A.M.A. Arch. Internal Medicine 8.00 8.00 10.00 
[1 A.M.A, Jrl. Diseases of Children 8.00 8.00 10.00 

ADDRESS. [1 A.M.A. Arch. Surgery 8.00 8.00 10.00 ~ 
™ A.M.A, Arch. Pathology 8.00 8.00 10.00 

cITY ZONE STATE [1 A.M.A. Arch. Ophthalmology .. 8.00 8.00 10.00 


[7 A.M.A. Arch. Otolaryngology 8.00 8.00 10.00 


7/ 


| 
: 
4 
| i 
ue 
. 
: 
: 
as 
3 
of 
: 
: 
A 
a 
ats 
a : 
4 
% 
a 


Presents... 


Remarkably Fast 


integrate 
eld —" Test your knowledge 
or 


Fi 
by reading these 
Vi sual Field Defects related specialty 


journals... 


L 


PATHOLOGY 
A. M. A. 
U.S. Patent 


NO. 2835162 Archives 


of 
Harrington -Flocks INDUSTRIAL 


CONTROLLED Multiple HEALTH 
Pattern Visual Screener 
and Tangent Screen... 


Procedure has been tested in medical — INTERNAL 
for over five years. Utilizes safe spectrum ultra 
violet black light to flash illuminated selected MEDICINE 


responsive patterns for stimulus to the retina. anes 


Useful in visual field screening in such conditions 
e 


as glaucoma. Ask your dealer for a demonstration. 
Archives of 
Model B-100 


DERMATOLOGY 


A. M. A. 
Archives of 


PRICE $149.50 F. O. B. Factory 


(Floorstand Mode! Price $197.50 F.O.B. Factory) 


Designed to save 
you hours of reading 


REPRINTS AVAILABLE time through visual pres- 


entations . . . to provide you 
Ask Your Dealer or Write Us with timely tips every month... 
"The Multiple Pattern Visual Field Screener—an | to place useful information at your 
Detection in Industry Multiple: Field. Pattern Test” by finger tips, leaving less inf 
Kuhn, M.D. (Industrial Medicine & Surgery); P & ormation 


Abstractions from 5 year evaluation by Drs. Harrington 


and Flocks. Ask your dealer or write us. on your reference shelf. 


Write for subscriptions to: 
BURTON M-D-L DIVISION AMERICAN MEDICAL ASSOCIATION 


of Burton Manufacturing Company 535 North Dearborn Street 
2564 Colorado Ave. @ Santa Monica, Calif. | Chicago 10, Ill. 


Dept. (PATH.) 


8/ 


he ' 
> 
4, 
: 
MODEL 
> B-100 
x 
| 
4 
: 
Tee: 
5 
: 
AS 


-A.M.A. ARCHIVES OF 


FOREWORD 


The 24th Annual Meeting of the Industrial Hygiene Foundation was held 
at Mellon Institute in Pittsburgh on Oct. 28 and 29, 1959. The meeting consisted 
of six conferences—Management, Legal, Joint Engineering—Legal, Engineering, 
Medical, and Chemical-Toxicological. The papers presented at the meeting which 
were available for publication are published as the March issue of the A.M.A. 
ARCHIVES OF INDUSTRIAL HEALTH and thus constitute the Transactions of the 
24th Annual Meeting of the Industrial Hygiene Foundation. 


The papers given at the Management Conference dealing with the broad 
aspects of industrial hygiene and occupational health are presented first. This 
is followed by papers from the Legal Conference on legislative developments and 
handling of claims in workmen’s compensation, and legal developments concern- 
ing hearing loss. Next are the papers presented at the Joint Conference pertaining 
to stream pollution, air pollution, and community zoning. Papers from the 
Engineering Conference deal with human engineering and the principle of reverse- 
jet filters. From the Medical Conference are papers on impairment rating, 
epidemiological methods in industry, and immunological approach to the pneumo- 
conioses. Papers from the Chemical-Toxicological Conference deal with instrumen- 
tation, including automatic recording, detectors, and new analytical techniques. 


Other papers in this group are on toxicology of aromatic hydrocarbons and food 
additives. 
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The Role of the Federal Government 


in the 


Abatement of Stream Pollution 


LOUIS F. WARRICK, Washington, D.C. 


It is indeed a privilege to participate in 
this joint Engineering-Legal conference of 
the Industrial Hygiene Foundation. I feel 
honored to appear on this program with 
the distinguished gentlemen who are pre- 
senting talks and leading discussions 
today and tomorrow. The locale, here at the 
Mellon Institute, where outstanding progress 
is being made in industrial research, is par- 
ticularly fitting as regards my presentation 
of the topic assigned—for my comments 
are those of an engineer in the Public Health 
Service, particularly interested in the solu- 
tion of industrial waste problems. 

In brief, my purpose is threefold: (1) 
To outline the provisions of the Federal 
Water Pollution Control Act, frequently 
referred to as P.L. 660; (2) to provide 
information on administration of the Act 
by the Public Health Service, and (3) to 
describe the work with industry as exempli- 
fied in the program of the National Tech- 
nical Task Committee on Industrial Wastes. 


Federal Water Pollution Control Act 


In 1948, the first comprehensive Federal 
legislation for the control of water pollution, 
Public Law 845 of the 80th Congress, was 
passed, Appropriations to begin the work 
authorized were made available a year later. 
Originally some of the provisions, prin- 
cipally those relating to financial authoriza- 
tions, carried a five-year limitation, from 
June 30, 1948, to June 30, 1953. Prior to 
the expiration date Congress extended these 


provisions «for an additional three-year 


Technical Services Consultant, Division — of 
Water Supply and Pollution Control, Public 
Health Service, U.S. Department of Health, Edu- 
cation, and Welfare; Secretary, National Technical 
Task Committee on Industrial Wastes. 
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period, to June 30, 1956. The present Act, 
P.L. 660, was enacted by the 84th Congress 
in June, 1956. 

The Act clearly stated as a policy of the 
Congress that primary responsibility for 
the control of water pollution rests with the 
states. It recognized, however, responsibil- 
ities of the federal government in this re- 
gard, in view of the effects of pollution on 
public health and on the natural resources 
of the nation. 

One of the sections of the new law di- 
rected the Public Health Service to develop, 
in cooperation with state and_ interstate 
agencies and with municipalities and in- 
dustries involved, comprehensive programs 
for eliminating or reducing the pollution of 
interstate waters and for improving the 
sanitary conditions of surface and under- 
ground waters. It specified that in the 
development of such programs due consid- 
eration be given to all water uses—public 
water supply, propagation of fish and aquatic 
life, recreational purposes, and agricultural, 
industrial, and other legitimate uses. 

The Act specifies that cooperative ac- 
tivities between states, uniform State water- 
pollution legislation, and interstate compacts 
should be encouraged. It further authorizes 
federal research and technical assistance on 
water-pollution problems and directs that 
the Public Health Service collect and dis- 
seminate make available 
the results of surveys and investigations. 


information and 
The Act authorizes federal financial as- 
(1) to the states and interstate 
agencies, in the form of grants for investi- 


sistance 


gations and studies relating to water pol- 
lution control, and (2) to municipalities, in 
the form of grants for the planning and 
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STREAM-POLLUTION ABATEMENT 


construction of needed sewage-treatment 
plants. 

The Act establishes a Water Pollution 
Control Advisory Board, composed of the 
Surgeon General or a sanitary engineer 
officer designated by him, who shall be 
chairman, and nine nonfederal members 
with three replacements on the Board ap- 
pointed annually by the President. The 
Board’s function is to review policies and 
programs of the Public Health Service 
under the Water Pollution Control Act 
and to make recommendations to the Sur- 
geon General regarding such policies and 
programs. 

The Act provides that federal enforce- 
ment may be exercised on interstate waters, 
where cooperative state and interstate action 
does not accomplish needed improvements 
in the quality of interstate waters. Detailed 
procedures provided for the initiation of 
enforcement action include formal notifica- 
tions to the state in which the pollution 
originates and to the offender, hearings, and 
finally the instigation of the suit. 

Authorization is given for training in 
technical matters for personnel from public 
agencies and for other qualified persons, 
including those from industry. The Act also 
authorizes a cooperative program to control 
pollution from federal installations. 

Throughout the Act the principle of pri- 
mary state responsibility and the importance 
of cooperation with and assistance to the 
states is repeatedly stressed. Traditionally, 
the activities of the Public Health Service 
have been carried on in this way. In the 
water-pollution control program the Service 
is following its long-established policy of 
support and assistance to the states. 


Federal WPC Program 

The program of the new Water Supply 
and Pollution Division of the Public Health 
Service encompasses seven general areas 
concerning pollution. 

Basic Data.—One of the major recom- 
mendations of the 1955 Presidential Ad- 
visory Committee on Water Resources 


Warrick 


Policy was that needed basic data be ob- 
tained and maintained on a current basis. 
In this connection the Public Health Service 
has initiated a long-range basic data pro- 
gram which includes the following: 

1. A national network of 50 sampling 
stations on interstate streams to measure 
water quality. Additional sampling stations 
are needed both on main streams and their 
tributaries. 

2. Inventories of water, sewage, and in- 
dustrial waste facilities in the United States. 
These are published at regular intervals. 

3. Compilation of data on contract awards 
for water facilities, sewers, and sewage 
treatment facilities to show what progress 
is being made in meeting the nation’s needs. 

4. Economics studies to find ways of de- 
termining what pollution is costing the 
American people and the costs of con- 
trolling it. 

Program Grants—The Act authorized 
$3,000,000 a year for five years in annual 
federal grants to support state and inter- 
state pollution-control programs. States are 
required to pay from one-third to two- 
thirds of the costs of these programs. 

State and interstate agencies have used 
program grants for employing technical 
personnel, for purchasing special laboratory 
and field study equipment, for research, and 
for other purposes in administering state 
laws. 

Construction Grants.—The Water Pol- 
lution @€ontrol Act authorized grants to 
states and interstate, municipal, or inter- 
municipal agencies to assist in the construc- 
tion of sewage-treatment facilities. Annual 
appropriations of $50,000,000 were author- 
ized, to a total of $500,000,000. For fiscal 
years 1957, 1958, and 1959, a total of $140,- 
000,000 has been appropriated. 

During the first two years of the program, 
federal grants totalled $95,000,000 and the 
states and municipalities put up $610,000,- 
000 of their own funds. 

The first 1,038 projects approved for 
grants provided for municipal waste-treat- 
ment plants for a population of 18,000,000. 
Provision is thus made for substantially 
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reducing municipal pollution in about 12,000 
miles of streams and many miles of lake 
and ocean shore. 

Total applications approved and in proc- 
ess as of Oct. 1, 1959, under the construc- 
tion program amount to 2,410, the estimated 
project costs for which total $1,285,300,000, 
on which grants made or requested total 
$213,500,000. 

It is interesting to note that of the 1,752 
grant offers, 1,698 have been made to com- 
munities of less than 125,000, the average 
population of this group being 6,928. The 
remaining 54 offers have been made to cities 
of over 125,000. 

Research.—A principal objective of Pub- 
lic Health Service research, carried on 
mainly at the Robert A. Taft Sanitary En- 
gineering Center, in Cincinnati, is to develop 
more effective and less costly sewage-treat- 
ment processes. In all, about 30 research 
projects concerning wastes and pollution are 
under study at the Center. Other research 
at Cincinnati involves methods of freeing 
water supplies from viruses and _ bacteria, 
detergents, insecticides, radioactive con- 
taminants, and other substances which can 
make water unfit or unsafe. 

The Water Pollution Control Act also 
provides for research grants to public and 
private research agencies and to qualified 
individuals. A substantial number of re- 
search projects are being supported through 
federal funds. This will be discussed fur- 
ther later in this paper. Under the new Act, 
federal funds for research have been 
doubled to about $1,000,000 a year. 


Interstate Enforcement.—Where pollution 
of interstate waters endangers the health 
or welfare of persons in a state other than 
the one in which the pollution originates, 
the Surgeon General and the Secretary of 
Health, Education, and Welfare are em- 
powered to take action to abate such pol- 
lution. The procedure calls for three steps: 
(1) a conference with the state and inter- 
state agencies involved, (2) a public hearing 
before a board appointed by the Secretary, 
and (3) possible federal court action. 


12/176 


Nine formal conferences have been held 
in the first two years. These have included 
the Big Blue, the Potomac, the Mississippi, 
the Lower Columbia, and the Animas Rivers 
and four cities on the Missouri. In all these 
cases the conferees reached agreement, in- 
cluding schedules for building sewage-treat- 
ment plants that will cost a total of 
$400,000,000. 

Training.—The Service offers advanced 
training for engineers, chemists and other 
scientists from federal and state agencies, 
municipalities, industries, and foreign coun- 
tries. The Sanitary Engineering Center 
gives short, intensive laboratory and class- 
room courses and holds seminars and con- 
ferences on new subjects of interest. During 
1958, there were 500 persons enrolled in 
these courses. 

Technical Assistance-—Many states have 
pollution problems of an unusual or difficult 
nature and request technical assistance from 
the Public Health Service. These services 
have included full-scale river studies, eval- 
uation of state laboratory operations, eval- 


uation of new waste-treatment processes, 


and special investigations into episodes of 
water-borne disease epidemics and of sit- 
uations where large numbers of dead fish 
occur, Studies have included such rivers as 
the Ohio, Savannah, Missouri, and Colum- 
bia. Special investigations have involved 
an outbreak of dysentery along the Ohio 
River and large fish deaths in New York, 
Louisiana, Montana, and other states. 
Illustrative of special studies which in- 
volve several states is the current Water 
Quality Conservation Project in the Arkan- 
sas and Red River Basins, involving seven 
states (Texas, Colorado, Louisiana, New 
Mexico, Oklahoma, Kansas, and Arkansas). 
The specific problem is brine waste from 
oil fields combined with the heavy natural 
salt content of local streams. Some other 
problems that require similar study are acid 
drainage from coal mines; the widespread 
use of new synthetic poisons, such as 
insecticides, and radioactive waste disposal. 
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Industry-Government Cooperation 


Increasingly reference is being made in 
such meetings as this to the National Tech- 
nical Task Committee on Industrial Wastes, 
often referred to as the NTTCIW. The 
remainder of this paper is to provide in- 
formation concerning this organization and 
its activities relating to pollution control 
in this country. In view of the industrial 
orientation of your organization, it should 
be of special interest to you to become better 
acquainted with the background of organiza- 
tion of the Task Committee and what it is 
seeking to accomplish. 

The NTTCIW is composed of representa- 
tives of major industries. Those persons 
serving on the Committee are well informed 
on the various waste-disposal problems of 
their industries. The organization is unique 
and is based on industry-government co- 
operation to bring about water quality im- 
provement in the United States. 

Before presenting a report on the ac- 
tivities which are being carried out by the 
Committee, it is thought that a brief review 
of the origin, objectives, and functions of 
the Task Committee will be helpful. 

Background.—The Water Pollution Con- 
trol Advisory Board, established under the 
1948 Federal Water Pollution Control Act, 
recommended that the Surgeon General in- 
vite industry to create a committee to co- 
operate with the Public Health Service in 
accomplishment of the purposes of the Act. 
The Surgeon General invited representatives 
of major industries to meet with him to 
form a National Technical Task Committee 
on Industrial Wastes, which would work 
with the Public Health Service on pollution 
problems caused by industrial wastes. 

The Committee was formally established 
in Washington in May, 1950. It was agreed 
that the Committee’s objectives would be 
“.. . to effect an improvement in the quality 
of water resources in the Nation . . .” and 
. to perform technical tasks pertaining 
to industrial wastes in cooperation with the 
Public Health Service and all others con- 
cerned with improving the quality of our 
water resources.” 
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There are two basic purposes: one is to 
serve in an advisory capacity to the Public 
Health Service; the second is to serve as 
a forum whereby the industrial representa- 
tives may exchange information on their 
common waste-disposal problems and make 
regular reports to their sponsoring groups. 
There are other important functions, but in 
its activities the above basic purposes are 
given primary consideration. The functions 
agreed upon are as follows: 

1. To inventory, appraise, coordinate, and 
promote research in developing methods of 
using, treating, and controlling industrial 
wastes 

2. To facilitate the devising and adopting 
of uniform methods of measuring and eval- 
uating trade wastes in water quality control 

3. To stimulate more effective working 
relations on technical phases of trade waste 
problems among industrial and_ federal, 
interstate, state, and local agencies 

4. To employ the facilities of the Sanitary 
Engineering Center in those areas of re- 
search and development wherein they would 
be the most valuable to the over-all program 

5. To aid in establishing those areas 
where major needs exist for financial as- 
sistance in obtaining basic information on 
industrial waste problems in water-pollution 
control 

6. To stimulate further the adoption of 
practical methods—known or yet to be de- 
veloped—for reclaiming, reducing, and 
treating wastes impairing natural stream 
conditions 

7. To achieve wide dissemination of in- 
formation on technical developments and 
the accomplishments of industry and to 
maintain suitable relations with technical 
societies, professional organizations, trade 
associations, and other groups which issue 
publications reaching persons concerned 
with water-pollution problems 

8. To aid in promoting training activities 
to increase the operating efficiency of waste 
recovery and treatment systems employed 
by industry 

9. To perform such other technical tasks 
relating to industrial wastes as necessary 
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N.T.T.C.I.W. 
Representatives of industries cooperating 
with the USPHS and others on the technical 
problems involved in improving the quality 
of the Nation's water resources. 


Task Groups 


Mineral Chemical 6 
Products Processing rei 
Industry 


Industries | Industries 


Industries 


Technical, Professiona 
Trade and Similar 


Federal, 
Interstate, 

State Organizations 
and other 


Public Agencies 


(APHA, ASTM, AWWA, 
FSIWA, TAPPI, etc.) 


Figure 1 


in stimulating improvement in the quality 
of the nation’s water resources. 
Organization.—In order to carry out the 
work of the Committee, four major “Task 
Groups” were established: Task Group I, 
ood Industries; Task Group II, Mineral 
Products Task III, 


Industries; Group 


Chemical Processing Industries, and Task 
Group 1V, General Industries. Organization 
of industries into Task Groups aided con- 
siderably in discussion of items of common 
interest. This stimulated an interchange of 
information and experience that has been 
very helpful in dealing with more or less 
similar waste problems. The general plan 
of organization is shown in Figure 1. 

I:xperience indicated need for special at- 
tention to certain over-all activities in keep- 
ing with the above-indicated functions. 
Accordingly, special subcommittees were 
established. The currently active subcom- 
mittees are shown in Figure 2. This also 
shows the working arrangements through 
Task Sections and Task Units that have 
been designated by industries. 
Establishment of the subcommittees has 
tended to bring about more participation 
by members and alternates between meet- 
ings. 

Membership.—There are now 65 mem- 
bers and alternates serving on the Task 
Committee for 34 industries. The National 
Association of Manufacturers’ representa- 
tives act for industries not at present having 
membership on the Task Committee. In 


various 


addition to those serving directly on the 


NATIONAL TECHNICAL TASK COMMITTEE ON INDUSTRIAL WASTES 
N.T.T.C.I.W. 


SUBCOMMITTEES 
Advisory 


Task Group Task Group 


Food 
Industries 


Mineral 
Products 
Industries 


Task Group 
I Ir III 


Chemical 
Processing 
Industries 


Basic Data 

Finance 

Publicity and Public 
Relations 

Research Personnel 
Research Projects 
Synthetic Organic 


Task Group 
Iv 


General 
Industry 


Chemicals 
Training 
Program 
Meeting Arrangements 


Industrial 
Sand 
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Committee, there are over four times the 
above number currently extending coopera- 
tion in Task Section and Task Unit 
capacities in accordance with the above- 
indicated plan of organization and operation. 
The most recent Task Section was estab- 
lished by the potato chip industry in Feb- 
ruary, 1959. This is the plan for carrying 
out the work of the Task Committee through 
Task Sections as indicated in Figure 2. 
It has been the aim of the Task Com- 
mittee since it was established to encourage 
industries other than those originally join- 
ing in the program to take direct roles 
through membership on the Committee. 
There has been a steady growth from the 
22 industries initially participating. The 
industrial sand industry is now actively 
participating, having joined during the past 
year. The membership by Task Groups is 
as follows: 
Task Group I, Food Industries : 
Beet sugar 
Cane sugar 
Canning 
Corn products 
Dairy 
Distilling 
Fermentation 
Fisheries 
Frozen foods 
Meat 
Potato chip 
Poultry and eggs 
Task Group II, Mineral Products Industries : 
Coal 
Coke 
Gas manufacture 
Iron and steel 
Mining (other than iron and coal) 
Nonferrous metals 
Petroleum 
Industrial sand 
Task Group IIT, Chemical Processing Industries : 
Chemical manufacturing 
Electroplating 
Paint, varnish, and lacquer 
Pulp, paper, and paperboard 
Soap and glycerine 
Tanning 
Textiles 
Task Group IV, General Industry: 
Atomic industry 
Automotive 
Electric equipment 
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Lumber 

Manufacturing (NAM) 
Power 

Railroads 

Each of the above-listed industries is 
represented on the Task Committee by a 
member and one or more alternates. The 
aim has been to keep the character of the 
membership adequately diversified to cover 
the competencies and experience needed in 
carrying out the objectives and functions. 
It has also been the desire to maintain the 
organization of the Committee as simple and 
informal as consistent with implementation 
of its policies. 

Close working relationships with the 
various organizations interested in industrial 
waste control and stream improvement are 
very important to the achievement of the 
NTTCIW objectives. Some industries, 
recognizing the importance of developing 
programs concerning mutual waste prob- 
lems of companies in their industry, have 
become well organized in this field of en- 
deavor. For example, the American Petro- 
leum Institute is one of the organizations 
that gave early and concentrated attention 
to the solution of its waste problems. 

The pulp, paper, and paperboard indus- 
tries through their National Council on 
Stream Improvement, the iron and _ steel 
industry through its American Iron and 
Steel Institute, and several others have long 
been active in this field. They have recog- 
nized and acted to secure the benefits of 
cooperative action in providing information 
for the solution of common waste prob- 
lems. They are represented and active in 
the NTTCIW program. This is simply an 
extension of cooperative working relations 
across industry and with the federal and 
other government agencies in coping with 
the many problems of improving the quality 
of water resources in this country. 


The Task Committee has been encour- 
aging the formation of Task Sections or 
groupings of interested persons in various 
industries, where there is need for a more 
effective organization, to work on their 
waste disposal problems. The results have 
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been beneficial, The textile industry, as an 
example, has provided an effective Task 
Section which serves as the Stream Pollu- 
tion Committee of the American Association 
of Textile Chemists and Colorists, the mem- 
ber and alternate originally designated by 
the Association to serve on the NTTCIW 
having taken leading roles in organizing 
and developing their special plan for opera- 
tions in that industry. The AATCC Stream 
Pollution Committee has representation 
from each geographical section covered by 
the Association and has sponsored the for- 
mation of sectional working committees, or 
Task Units. The subcommittees working on 
specific topics include those dealing with 
waste problems of processing wool, cotton, 
synthetics, and of dyeing and_ finishing. 
There been outstanding ac- 
complishments by this textile organization. 


have some 

Working relationships with technical, pro- 
fessional, and other associations or societies 
concerned directly or indirectly with in- 
dustrial wastes exist on a less formal basis. 
For instance, the Federation of Sewage 
and Industrial Wastes has 
called upon the chairman of their industrial 
waste committee, who is also serving on the 
NTTCIW, to maintain the necessary de- 
gree of liaison, reporting matters of mutual 
to both FSIWA and NTTCIW. 
Similar overlapping memberships provide 
friendly relations between the NTTCIW 


and other organizations, such as the Amer- 


Associations 


interest 


ican Public Health Association, the Amer- 
ican Society of Civil Engineers, the 
American Institute of Chemical Engineers, 
the American Society for Testing Materials, 
the American Chemical Society, and the 
American Water Works Association, as well 
as to existing industry associations. 

The Public Health Service provides the 
secretariat for the Committee. Liaison mem- 
bership of State 
Sanitary Engineers makes possible effective 


from the Conference 
consideration of matters of common interest 
and furnishes an avenue for cooperative 
activities on matters of concern to state 
and interstate governmental agencies. 
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Activities—As stated at the beginning, 
one of the major roles of the Task Com- 
mittee is to serve in an advisory capacity 
to the Public Health Service, especially as 
regards industrial aspects of water quality 
improvement. Questions and requests for 
information have been given special atten- 
tion. Opinion polls have been conducted 
by the Task Committee as needed to obtain 
as broad a cross section of the thinking in 
industry as possible. It is in such activities 
that the subcommittees of NTTCIW are 
very helpful. Let’s consider an example of 
this phase of the cooperative program—an 
example that fits in with interests repre- 
sented in this particular conference. 

Current views of industry were needed 
on legislation concerning the financing of 
waste-treatment facilities to abate pollution. 
Opinions on this matter were desired and 
Task Committee members were asked to 
make inquiries in their particular industries. 
The various industries did their part in this 
inquiry. They conducted a poll last year 
to determine the opinion of industry regard- 
ing the desirability of new legislation pro- 
viding for rapid amortization of the costs 
of industrial waste water-treatment facilities. 
The majority of members favored such 
legislation. 

This consensus was passed on to the 
Water Pollution Control Advisory Board 
(appointed by President Eisenhower) 
through the NTTCIW. Subsequently, the 
Board sent a questionnaire to all state and 
interstate water pollution control adminis- 
trators and State Sanitary Engineers asking 
their views regarding rapid amortization 
for industrial waste treatment facilities. It is 
interesting to note the vote from these 
officials was 51 for and 3 against such a 
measure. 


At a meeting on Dec. 15-16, 1958, the 
Water Pollution Control Advisory Board 
expressed recognition of the fact that in- 
dustry cannot qualify for grants under 
Public Law 660, the Federal Water Pollu- 
tion Control Act, even though its taxes 
assist in financing other grants for pollution 
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control. The Board adopted the following 
resolution on rapid tax amortization: 

The Board believes that the industrial and 
municipal waste problems of the country are of 
comparable importance. The Federal Government 
should provide financial incentives which would 
stimulate industry to accelerate the construction 
of adequate waste treatment facilities as well as 
providing stimulatory grants to municipalities. We, 
therefore, urge the Surgeon General of the Public 
Health Service to recommend to the Congress 
legislation which would permit rapid tax amorti- 
zation (over a five-year period) of industrial 
waste facilities. 

The Chairman of the NTTCIW makes 
reports to the Water Pollution Control Ad- 
visory Board as a regular procedure. The 
most recent report was made to the Board 
in June, 1959. Following the presentation 
by the current Task Committee Chairman, 
Ray Glynn, the WPCAB formally en- 
dorsed the work of the Task Committee by 
resolution, 

Some idea of the scope of the activities 
of the Task Committee can be grasped from 
the following brief listing of subjects on 
which its Task Groups and subcommittees 
reported at the last annual meeting: 

1. Research of special interest to industry, 
with priority recommendations from an 
opinion poll conducted during the year. 

2. Inventory of current and planned in- 
dustrial waste studies. 

3. Information on noteworthy develop- 
ments by industry in waste utilization, treat- 
ment, and disposal. 

4. Accelerated amortization as a means of 
encouraging progress in waste treatment, as 
previously described. 

5. Plans for stimulating interest and en- 
couraging training of competent personnel 
for meeting manpower needs in dealing with 
industrial waste problems. 

6. Action on findings and recommenda- 
tions from a study of industrial-municipal 
waste treatment problems (joint treatment ). 

7. Publication of information on a 
punched card system developed for record- 
ing and making readily available to the 
user the industrial waste treatment and 
water quality improvement information in 
the literature. 
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8. Further improvement of communica- 
tions through the News Quarterly and other 
means and development of a financing pro- 
gram to support these activities. The News 
Quarterly is issued by the Task Commitiee, 
copies of which can be secured by request 
addressed to the NTTCIW Secretary or the 
Editor. 

9. Provided suggestions on studies plan- 
ned by the Sanitary Engineering Center in- 
cluding findings and recommendations of a 
subcommittee established last year to advise 
the Center on work being undertaken on 
organic chemicals. 

10. Development of a speakers’ bureau, 
with encouragement and aids for regional 
and local industrial waste conferences, 
workshops, etc., for solution of problems 
in these areas when requested. 

11. Cooperation in basic data activities, in- 
cluding establishment of a new subcommit- 
tee to advise and assist the Public Health 
Service. 

12. Completion and submission for publi- 
cation of waste guides on the cotton and the 
cane sugar industries, along with a revised 
edition of the guide for the milk industry. 
The guide for the potato chip industry is 
being edited and submitted for clearance 
for publication. Progress was reported on 
other guides. 

There are many other activities that un- 
doubtedly would be of interest. That on re- 
search in progress and proposed is thought 
to be one of the more important. Basic 
studies being carried out by the Sanitary 
engineering Center and supported by the 
grants for scientific research through the 
National Institutes of Health of the Public 
Health Service are most helpful and have 
been encouraged by the NTTCIW in vari- 
ous ways. This program for stimulating 
needed studies includes currently a new 
system of research appraisal to assure the 
best possible selection of projects to meet 
industry's needs. 

In proposing this research, increasing 
recognition is given the need of probing for 
entirely new methods of treatment. These 
methods should enable removal of practi- 
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cally any and all types of contaminants and 
should be sufficiently flexible to permit de- 
sign to adequately meet actual treatment 
needs. All of us are aware there has been no 
major scientific break-through in this field 
for many years. Such new treatment 
methods need to be in tune with advancing 
technology, enabling us to cope with the 
ever-mounting problems. 

The National Foundation has 
estimated that of all the expenditures for 
research in the United States since the Dec- 
laration of Independence, 50% of all ex- 
penditures have been made in the five-year 
period 1950 to 1955, This enormously in- 
creased rate in expenditures for research 
has resulted in an avalanche of new prod- 
ucts with a wide variety of production proc- 
esses. Along with these new processes have 
mushroomed waste problems requiring solu- 


Science 


tion in order that pollution by process waste 
waters can be overcome. Accordingly, the 
question has been raised as to whether the 
accelerated research expenditures for ex- 
panding production have included a parallel 


increase in rates of expenditures for de- 


veloping practical, economic methods for 
taking care of wastes. Such information as 


Fiscal Years 1947 - 1959 


support in Thousands of Dollars 


1947, 1948 «19491959 


made available to date would indicate a 
marked lag with far too few of the research 
dollars expended being devoted to taking 
care of wastes causing water pollution. 

The NTTCIW is encouraging increased 
research effort, endeavoring by priority lists 
of projects to give emphasis to work of 
special importance in taking care of water 
quality problems, Industry-government 
teamwork is being promoted where com- 
bined effort is advantageous and in the 
public interest. It is realized, again, we are 
far short of potentials in cooperative re- 
search, 

The trend in Public Health Service grants 
support for research is shown in Figure 3, 
covering expenditures for water supply and 
water-pollution research for fiscal years 
1947 through 1959 (to July 1, 1959). There 
has been encouraging increased public sup- 
port for the needed research in this field, 
stimulated greatly through enactment of 
P.L. 660, in 1956. 

Some comparisons may be of interest. 
Let’s compare expenditures through 
search grants—for Public Health Service 
research grants, for the total sanitary en- 
gineering research grants support, and for 


PHS RESEARCH GRANTS SUPPORT 


Water Supply and Water Pollution Control 


1953 1954 1955 1956 


Figure 3 
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research grants specifically in the field of 
water supply and pollution control—with 
the amount the American public spent in 
1955 for chewing gum. The expenditure 
for chewing gum in that year was over 
$282,000,000, the support of the total Public 
Health Service research grants program 
was $35,000,000, support for grants in sani- 
tary engineering was $571,000, and the sup- 
port for research grants specifically in water 
supply and pollution control was $259,000. 

The research trend is in the right di- 
rection but needs to be supplemented, with 
emphasis on development of new ways and 
means for taking care of the waste products 
resulting from expanding industrial produc- 
tion and community growth. Research is like 
saving—if postponed until needed it is too 
late to start. 


Summary 


It is hoped that this presentation has given 
you a better understanding of the program 
of the Public Health Service under P.L. 
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660 and, particularly, the role of the Na- 
tional Technical Task Committee on In- 
dustrial Wastes. The Committee’s origin, 
organization, aims, and nature of accom- 
plishments have been described. It is unique 
in composition and other respects and can 
accomplish much toward water-pollution 
control. The manner in which NTTCIW 
fits in and supplements the activities of other 
organizations is indicated. While much good 
cooperative work has been done in providing 
the foundations for this teamwork program 
of industry and government, there exists 
outstanding opportunity through the Task 
Committee of bringing industry’s position 
over-all into sharper focus in the field of 
industrial wastes. Developments to date give 
promise of better accomplishments in the 
future. This will depend in large measure, 
of course, on industry's willingness to 
broaden its support for the program of the 
Committee. 

Division of Water Supply and Pollution Con- 
trol, U.S. Public Health Service (25). 
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Current Developments in the Control of Air Pollution 


LOUIS C. McCABE, Washington, D.C. 


Public Law 159, passed by the 84th Con- 
gress and approved by the President, July 
14, 1955, provided for research and techni- 
cal assistance by the Public Health Service 
in the field of air pollution for a period of 
five years. It did not provide for the exer- 
cise of police power by the Federal Govern- 
ment and no provision in it invades the 
sovereignty of States, counties, or cities. It 
does not provide for the establishment of 
standards of air purity. 

During the first session of the 86th Con- 
gress, just concluded, a number of bills 
related to the extension of the Air Pollution 
Research Act 
were introduced. Rogers ' summarized these 


and Technical Assistance 


as follows: 

A. S. 441, introduced by Senator Kuchel 
and co-sponsored by Senators Engle and 
Clark; also companion Bills H.R. 3183 
(Rep. McDonough), H.R. 3730 (Rep. 
Holifield), and H.R. 4466 (Rep. Shelley). 
Explanation: The substantive provisions of these 
bills would make permanent the authorization for 
the Public Health to carry on the re- 
search and technical assistance program authorized 
under P.L. 84-159; the current limitation of the 
annual appropriation ($5,000,000 maximum) which 
could be submitted in the budget to Congress, or 
considered by the Congressional appropriations 
committees, would be eliminated; a new section 
would be added to the Act declaring the intent 
of Congress that Federal departments and agencies 
take such action as may be practicable to prevent 
or abate air pollution caused by Federal activities. 
(This latter provision is similar to that contained 
in Executive Order 10779, issued by the President 
Aug. 20, 1958); and clarification of intent with 
regard to authorizing grant-in-aid for surveys and 
studies. 


S. 2556 (Senator Neuberger). 

Explanation: This bill would extend indefinitely 
the provisions of the Federal Air Pollution Act 
(PL 159-84th Congress) and remove the ceiling on 
authorized appropriations. It would also require, 
after research, the establishment of standards re- 


Service 
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lating to motor vehicle exhaust and the development 
of a suitable device. An annual report would be 
required to the President and Congress. The bill 
further authorizes the Secretary of Health, Educa- 
tion, and Welfare to hold hearings and to secure 
abatement of air pollution affecting the public 
health and welfare of another State. 

H.R. 2347 (Rep. Lipscomb). 

Explanation: This bill would amend P.L. 84-159 

to extend the authorization for the program another 

five years, through fiscal year 1965. 

H.R. 7476 (Rep. Roberts). 

Explanation: This bill would amend P.L. 84-159 

to extend the authorization for the program another 

two years, through fiscal year 1962. 

B. Bills to provide authorization for the 

rapid amortization of expenses for air pol- 

lution control equipment and facilities. 

Explanation: A considerable number of identical or 

similar bills have been introduced into Congress 

for this purpose—H.R. 322 (Rep. Byrnes), H.R. 

2409 (Rep. Lipscomb), H.R. 7566 (Rep. Miller), 

and H.R. 7654 (Rep. Oliver), etc. These bills 

would permit an industry, at its election, to take 

a deduction in its income tax return of the expendi- 

ture for air or water pollution control equipment 

and facilities, amortized over a five-year period. 

This is a shorter provision for amortization for in- 

come tax purposes than the three methods which 

are currently permitted under the Internal Revenue 

Code of 1954 (straight-line method, declining 

balance method, and sum of the years digits 

method). 

C. Bills to provide for standards for auto- 

mobile exhaust emissions and for Federal 

regulation of such emissions. 

Explanation: Two general types of bills in this 

category have been introduced : 

1. H.R. 1297 (Rep. McDonough) would require 
the Surgeon General, within six months after 
its enactment, to prescribe and publish standards 
as to the amounts of specific substances con- 
sidered safe, from the standpoint of human 
health, for a motor vehicle to discharge to the 
atmosphere. The manufacture, sale, importation, 
or use of any motor vehicle discharging emis- 
sions in excess of the standards would be de- 
clared unlawful and violators would be subject 
to fine or imprisonment. 

H.R. 1346 (Rep. Schenck) would require the 
Surgeon General to prescribe and publish similar 
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standards for those substances on which suf- 
ficient scientific information is available to per- 
mit judgment as to the adverse effect on human 
health; such standards might be added to or 
revised from time to time. The use of any 
motor vehicle in interstate commerce which 
discharged substances in excess of the prescribed 
standards would be declared illegal, with viola- 
tors subject to fine or imprisonment. 

3. H.R. 8238 (Formerly H.R. 1346) (Rep. 
Schenck) would require that the Surgeon 
General of the Public Health Service make a 
study, and report to the Congress within two 
years, of the amount and kinds of substances 
discharged from the exhausts of motor vehicles 
from the standpoint of human health. 

D. The Senate Committee on Public Works 
issued a favorable Report on S-441, as 
amended in April, 1959. The amended ver- 
sion would extend the duration of the Fed- 
eral Air Pollution law for a period of four 
years and also increase the authorized ap- 
propriations to $7,500,000 annually, among 
other things. 


On Aug. 20, 1959, the House Committee 
on Interstate and Foreign Commerce, after 
hearings, reported favorably H.R. 7476 
which would authorize an extension of the 
Federal Air Pollution Act for an additional 
period of two years to June 30, 1962, with- 
out any increase in authorized appropria- 
tions. This bill was passed by the House 
on Sept. 1, 1959. On Sept. 14, 1959, the 
Conference report was accepted and passed 
by both houses and sent to the President for 
signature. The essential provisions of the 
bill as passed provided for an extension of 
the Federal Air Pollution Law for four 
years at an authorized appropriation rate 
of $5,000,000 for each fiscal year. 

With regard to motor vehicle exhausts 
the Subcommittee on Health and Safety of 
the House Committee on Interstate and 
Foreign Commerce considered H.R. 1346 
and reported to the entire Committee a new 
bill H.R. 8238 containing the amendments 
adopted to H.R. 1346. The committee, how- 
ever, adopted an amendment in the nature 
of a substitute for the purpose of accelerat- 
ing research into the problem. The bill was 
reported favorably on Aug. 10, 1959, to the 
House and passed by that body on Aug. 17, 
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1959. The bill has been referred on Aug. 
18, 1959, to the Senate Committee on Labor 
and Public Welfare. 

State—Bills were introduced during the 
1959 sessions into a number of State legis- 
latures of varying significance and interest 
related to air pollution. 


CALIFORNIA: 

Chapter 200, Laws 1959—Senate Bill No. 
117. 

It shall be the duty of the State Director 
of Public Health to determine by Feb. 1, 
1960, the maximum allowable standards of 
emissions of exhaust contaminants from 
motor vehicles which are compatible with 
the preservation of the public health includ- 
ing the prevention of irritation to the senses. 

Approved, April 28, 1959 

Chapter 698, Laws 1959—Assembly Bill 
No. 1631. 

AN ACT relating to the Bay Area Air 
Pollution Control District. 

The provisions of this chapter do not 
prohibit the enactment or enforcement by 
any county or city of any local ordinance 
stricter than or identical to the provisions 
of this article and stricter than or identical 
to the rules and regulations adopted pursu- 
ant to this chapter, with local ordinance 
prohibits, regulates or controls air pollution. 

24367.11. Whenever the hearing board 
finds that any person is in violation of any 
order, rule or regulation of the board, and 
that no variance is justified, and that reason- 
able time has been allowed for compliance, 
the hearing board shall certify such facts 
to the district attorney for the county in 
which the discharge originates, whereupon 
such district attorney shall petition the su- 
perior court in and for the county for the 
issuance of an injunction restraining such 
person or persons from continuing any ac- 
tivity causing or threatening air pollution 
or nuisance, 

Approved, May 28, 1959 

Chapter 835, Laws 1959—Assembly Bill 
No. 1368. 

Section 426.1. The State Department of 
Public Health shall, before Feb. 1, 1960, 
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develop and publish standards for the 
quality of the air of this State. The stand- 
ards shall be so developed as to reflect the 
relationship between the intensity and com- 
position of air pollution and the health, 
illness, including irritation to the senses, and 
death of human beings, as well as damage 
to vegetation and interference with visibility. 
Approved, June 8, 1959 
Chapter 1915, Laws 1959—Senate Bill 
644. 
This act adds a new chapter to the Cali- 
fornia Health and Safety Code which 


creates the San Joaquin Valley Air Pollu- 
tion Control District. This District will con- 
sist of Fresno, Kings, Madera, Merced, San 
Joaquin, Stanislaus, and Tulare counties and 
part of Kern county. In general the pro- 


visions contained in this Act are quite simi- 
lar to that of the law establishing the Bay 
Area Air Pollution Control District. 
FLORIDA: 

sill No. 967. 


This act amends the Florida air pollution 


Senate 


control act and provides for a modification 
of the definition of air pollution which in- 
cludes the presence in the outdoor atmos- 
phere of substances which are not already 
injurious but could reasonably be expected 
to become injurious to human, plant, or ani- 
mal life. 

In addition, the membership of the 
Florida Air Pollution Control Commission 
is changed to include representation of the 
citrus and cattle industries. 

Clarification of the relationship of the 
Commission to the State Board of Health 
is provided by the statement in the Act 
(403.09 (c)) that, “the Commission shall 
be a separate Commission within the board 
and responsible directly to the board.” 

Approved, June 19, 1959 
IDAHO: 

Senate Bill No. 2. 

AN ACT relating to the control and sus- 
pension of air pollution; defining terms; 
creating an air pollution control commission 
in the state board of health; providing the 
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number of members, the manner of their 
selection and terms of office; providing for 
its functions and powers; authorizing the 
commission to make an intensive and com- 
prehensive study of air pollution problems; 
to organize county air pollution control di- 
visions, to conduct and supervise research 
and educational programs, and to cooperate 
with existing agencies and facilities there- 
fore; empowering the commission, after an 
extensive and comprehensive study and sur- 
vey, to adopt codes, rules and regulations 
regarding air pollution, and to initiate and 
receive complaints to hold hearings thereon, 
and to institute legal proceedings and secure 
injunctions; to receive money from any 
source ; making the state board of health the 
policing agency; authorizing it to cooperate 
with the commission in research and educa- 
tional programs, and to -equire the registra- 
tion of persons engagec in certain operation; 
granting the board the right to enter 
and inspect buildings and places ; to initiate 
complaints before the commission ; authoriz- 
ing the commission to hold hearings in 
connection therewith, and to institute legal 
proceedings and secure injunctions ; provid- 
ing for procedure and appeals to the courts 
and providing penalties; and providing for 
severability. 

Approved, March 13, 1959 
MASSACHUSETTS: 

S-676 (Substitute for H-35) 

This Act amends the present legislation 
by simplifying the procedure to promulgate 
rules and regulations by the Department of 
Health by merely requiring filing of same 
with the Secretary of State. 

Approved, July 17, 1959 
OREGON: 

Chapter 357, Laws 1959—House Bill No. 
519. 

This act repeals those provisions of the 
Oregon Revised Statutes relating to the 
Oregon Air Pollution Control Authority 
and transfers the functions, duties, and 
responsibilities to the State Sanitary Au- 
thority. 

Approved, May 4, 1959 
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CONTROL OF AIR POLLUTION 


SOUTH CAROLINA: 

Act No. 171, Laws 1959—Senate Bill 
No. 18. 

AN ACT to provide for the appointment 
of a committee to make a study of matters 
pertaining to the peaceful uses of atomic 
energy, the control of air and water pollu- 
tion, and the use of radioactive materials. 

The committee shall institute and pursue 
a study of the development and utilization 
of atomic energy, and the sundry by- 
products of nuclear fission and fusion for 
peaceful purposes, the control of air and 
water pollution, and shall report what legis- 
lation, if any, is necessary to encourage 
participation in the development and utiliza- 
tion of atomic energy, fissionable materials, 
radioactive matter, and related subjects for 
peaceful purposes to the maximum extent 
compatible with the security, the health and 
safety of the public, including but not limited 
to the necessity and desirability, if any, of 
measures for control of dangers to the 
public or amelioration of damages resulting 
therefrom. 

The committee shall complete its study 
and make its report to the Governor and 
the General Assembly not later than Jan. 1, 
1960. Upon making such a report, the com- 
mittee shall forthwith be disbanded. 

Approved, March 25, 1959 

House Bill No. 1824. 

This resolution creates a committee of 
three members to investigate all problems 
relating to air pollution control, which com- 
mittee shall report its findings and recom- 
mendations at the beginning of the next 
session of the General Assembly. 

Adopted, May 22, 1959 
TENNESSEE: 

Chapter 270, 
sill No. 78. 

Authorizes the creation of an Air Pollu- 
tion Control Service in the Department of 
Public Health, and defines the authority of 
such service, and authorizes the employment 
of personnel to administer such service. 

The State Department of Public Health 
is hereby authorized and empowered to 


McCabe 


Public Laws 1959—House 


create an Air Pollution Control Service, to 
administer the provisions of this Act. The 
Commissioner is authorized to employ or 
appoint such personnel as are necessary for 
the enforcement of the provisions of this 
Act and to expend such funds as are appro- 
priated for this purpose through State legis- 
lative appropriation, Federal grant-in-aid or 
gifts or donations made to the Department 
specifically for this purpose. 

Any local political subdivision shall be 
empowered to enter into a contract, compact, 
or mutual agreement with another political 
subdivision for joint use of personnel, 
funds, or other resources; for the control 
of air pollution within the jurisdiction of 
the contracting subdivisions. 

Approved, March 20, 1959 

The states have shown increasing interest 
in air pollution programs authorized by 
statutes. Oregon passed the first law pro- 
viding for the establishment of an Air Pol- 
lution Authority in the State Board of 
Health in 1951. New 
Jersey adopted comprehensive legislation in 
1954. A State air pollution technical assist- 
ance and research program was authorized 
in California in 1955, and, in 1957, Nevada, 
Colorado, 


Massachusetts and 


Delaware, Florida, Minnesota, 
New York, Ohio, Washington, and Hawaii 
enacted new or amended legislation related 
to air pollution, 

There is considerable variation among the 
State laws that have been enacted but those 
more recently adopted have three general 
approaches as follows: 

1. a broad enabling act permitting the 

establishment of air pollution control 
districts at local option; 


2. a research and technical assistance 
program; or 
3. an air pollution control program, 


limited in some cases, concerned with 

the prevention and abatement of air 

pollution problems in all areas of the 
State. 

In California, Washington, Nevada, Ken- 

tucky, and Florida, the States have extended 

police power to subordinate political units 
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permitting the establishment of air pollution 
control districts. In these cases, although a 
prohibition may be included as a State 
standard, it is only effective when a district 
is activated. On the other hand, in certain 
States, such as New Jersey, Massachusetts, 
Oregon, Delaware, New York, and Hawaii, 
a limiting condition relating to air pollution 
is established, in terms of a definition, with 
authority to promulgate rules and regula- 
tions to achieve compliance with this con- 
dition. Then there is a number of States 
which authorize limited control of air pol- 


lution by cities or counties. Pennsylvania, 


Rhode Island, Missouri, Mississippi, and 
North Carolina are in this category. En- 
abling legislation has been enacted in Wis- 
consin, Nebraska, and South Carolina which 
establishes a minimum population in a city 
or county as a requisite for engaging in air 
pollution control activities. Minnesota and 
Colorado have amended the statutory re- 
sponsibilities of their health departments to 
include certain aspects of air pollution. It 
should also be noted that the States of Cali- 
fornia and Ohio have also enacted legisla- 
tion providing for technical assistance and 
research in air pollution. 

It is apparent that no set pattern has 
achieved general acceptance at this time. 
The principal reason for this situation prob- 
ably is the limited experience of govern- 
mental agencies in the field of air pollution 
control. 

Uncertainties aggravate the technical as 
well as the legal field of air pollution. Three 
or four years ago a utility executive stated 
that within ten years industry would be 
spending twenty dollars per kilowatt of in- 
stalled capacity for control of sulphur di- 
oxide where coal or residual oil is used xs 
fuel. That it need not be particularly high 
sulphur fuel is evident from the Los Angeles 
regulation adopted last year which pro- 
hibited the use of fuel containing more than 
0.5% sulphur from May through October. 
Residual fuel oils produced in the Los 


Angeles area average about 1.5% sulphur 
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and sulphur dioxide levels in the atmosphere 
before the sulphur limitation was probably 
the lowest of any major city in the United 
States. 

When sulphur dioxide in the atmosphere 
is of such concentration as to injure vege- 
tation or cause corrosion it must be con- 
trolled, and past experience indicates that 
ground level concentrations of sulphur di- 
oxide in excess of 0.5 ppm for prolonged 
periods require control at the source. 

There is much concern about the hazards 
to health from sulphuric acid mist formed 
by the rapid oxidation of sulphur dioxide 
in the atmosphere. Laboratory experiments 
have demonstrated that sulphur dioxide in 
the presence of high concentrations of man- 
ganese salts rapidly oxidize to SOs and then 
hydrolize to sulphuric acid. In spite of the 
extensive study that has been devoted to the 
pollution of the atmosphere by sulphur di- 
oxide, it is not known that this reaction 
takes place in the atmosphere at a significant 
rate. Wherever SO2—SOs ratios have been 
determined in the ambient atmosphere, the 
rate of oxidation of sulphur dioxide has 
been found to be slow—in the order of 
0.5% to 1% per hour. 

Perhaps a restudy of the fate of sulphur 
dioxide in the atmosphere is indicated be- 
ginning at the stack. The kind of nuclei 
present in the air and their role in the 
oxidation of sulphur dioxide should be 
examined, the growth rate of sulphuric acid 
droplets under different meteorological con- 
ditions should be determined, and a careful 
study of the effect of sunlight on the actual 
atmosphere as it exists outside the labora- 
tory might give entirely different results 
than the atmospheres similated in the lab- 
oratory. 


1246 Taylor St. (11). 
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Industry 


ERWIN E. SCHULZE, Chicago 


It is a pleasure for me to address this 
group today on a subject with which I have 
become increasingly involved in the past 
several years. In that involvement, I have 
come to know just a little about industrial 
hygiene and considerably more about indus- 
trial hygienists. The subject of zoning and 
the so-called modern types of regulations 
affecting industry is one that unquestion- 
ably concerns lawyers. What I have dis- 
covered and what I want you to know is 
that it also concerns the industrial hygienist 
and the two together—the lawyer and the 
expert—are a necessary and valuable team 
in properly protecting the interests of their 
client. 

Only a few weeks ago I had occasion to 
examine the proponent of an ordinance 
under consideration by the Board of Cook 
County Commissioners. This ordinance 
purports to regulate the so-called nuisance 
emissions of industry. We were discussing 
the subject of vibrations in which the per- 
missible vibration limits were set forth in 
a displacement table for various frequency 
ranges. It is an inherent feature of the 
proposal that industry not only be required 
to predict prior to construction what its 
performance will be but also to live up to 
that prediction after construction is com- 
pleted. I noted that in some instances the 
vibratory restriction went all the way down 
to one ten-thousandth of an inch. I asked 
the witness whether there was a possibility 
of an error in the making of predictions of 
this kind. It occurred to me that I had 
heard engineers talk of a safety factor from 
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Community Zoning and Other Regulations Affecting 


time to time. He informed me and _ the 
Board that there was such a possibility and 
that the error could be as much as a plus 
or minus 20%. From an engineering stand- 
point this is undoubtedly defensible and 
perhaps is an index of competence in this 
field, but from a legal standpoint it was 
shocking, for if the error were on the 
wrong side, the plant which was to be built 
would immediately upon commencement of 
production become subject to fine and abate- 
ment as a public nuisance. These results, I 
think you will agree, are rather drastic. If 
you examine the basis of the regulation, 
I think you will also agree that they are 
scarcely justified. Tolerances of this magni- 
tude are familiar to the engineer, but there 
is no provision for them in the law—save, 
perhaps, in the use of a jury determining 
a broad fact question. 

Performance codes are nothing new. 
They were pioneered in the building field 
and represent, with certain reservations in 
administration, a significant step forward 
in modern regulatory devices. I might note 
here parenthetically that in actual practice 
the adoption of a performance type building 
code has expunged the approved material 
list from the law only to have it reappear 
in the regulations. 

You are all familiar with the explosion 
in the population of this country and the 
concomitant demand for housing—urban, 
suburban, exurban, and rural. As popula- 
tions have shifted and people have sought 
eagerly for a new place to live, tremendous 
problems in the zoning and planning field 
have been created. It is said that the core of 
our larger cities is decaying and that the 
suburb of today could well become the slum 
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of tomorrow. To meet these problems it is 
natural that the professional metropolitan 
planner would seek new tools in his attempt 
to effect greater control over deterioration 
on the one hand and new construction on 
the other. Concurrently with this develop- 
ment the public has become increasingly 
aware of such problems as air pollution. 
Our common law heritage of the burden 
of proof to the contrary notwithstanding, 
it is the path of least resistance to point the 
finger of guilt at industry. With these de- 
velopments, it is understandable that the 
planner and the lay legislators have seized 
upon new regulatory devices to control the 
emissions of industry. The newest device 
in its most subtle and disturbing expression 
is found in the use of performance stand- 
ards in community zoning. 

one and the 
same time theoretically combine a tool of 
metropolitan planning and a form of indus- 
trial regulation. In such device the planners 
have borrowed liberally from the nomen- 
clature, the instrumentation, and the testing 
procedures of the 


Performance standards at 


industrial hygienist. 
Thus, in the typical performance standard 
regulation, you may expect to find restric- 
tions upon the emissions of noise (cast in 
terms of decibels at given octave bands), 
upon the transmission of vibratory forces 
(in displacements in inches for given fre- 
quency ranges), upon the emission of 
smoke (in terms of a so-called smoke unit) 
and particulate matter (in terms of pounds 
per hour dilution ratios for 
odors, and, in some of the most recent ordi- 
nances, such things as light in terms of 


per acre), 


foot-candles and even regulations on the 
emission of toxic and noxious matters cast 


in a formula such as O=36C2". 


There is a bewitching quality about num- 


bers to which I am afraid we are all sus- 
ceptible in varying degrees. Unfortunately, 
IT must confess that lawyers probably are 
prone to accept a number, any number, as 
a statement of holy writ simply because it 
smacks of science and it was to escape sci- 
ence that we entered the legal profession. 
In a recent case in the air-pollution field 


26/190 


\ 


ARCHIVES OF INDUSTRIAL HEALTH 
there was considerable testimony on both 
sides (and confusion, I might add) in the 
proper application of the Bosanquet-Pear- 
son formula for determining the hypotheti- 
cal ground concentration of sulfur dioxide. 
To read the briefs in the case one would 
think that the formula could provide the 
true answer if only we knew how to apply 
it. Yet, I believe we all here would agree 
that it would be absurd to write empirically 
derived formulae such as this into law and 
to use them as a basis for criminal sane- 
tions. 

The planner’s principal argument for the 
use of performance standards in the zoning 
law is that the older and more traditional 
use lists fail to prevent an industry from 
changing its process so as to improve its 
method of production but also, at times, to 
affect detrimentally the amount of objec- 
tionable emissions from a plant. Whether 
a zoning law should be so designed as to 
prevent such changes in production methods 
raises questions concerning the philosoph- 
ical foundatior of regulatory zoning and its 
place in our society—subjects beyond the 
scope of this paper. But the planners as- 
sume that zoning laws should contain such 
restrictions and so they are proposed. 

Secondly, and as important, the planners 
argue that science has now provided us with 
a substitute for the classic, common law 
standard of public nuisance. Heretofore it 
has been the Anglo-Saxon tradition that 
the owner of property has the right to use 
that property as he sees fit until he sub- 
stantially and unreasonably interferes with 
the lawful use and enjoyment of other prop- 
erty, either private or public. It is apparent 
that the application of a rule as broad as 
this involves many subjective factors which 
may be brought to bear only for individual 
cases after consideration of all the varying 
circumstances. Modern industrial regula- 
tory devices, however, provide us, so it is 
claimed, with an objective standard which 
is easy and consistent of application and 
administration. You men who know some- 
thing of these subjects should know how 
fallacious such an assertion is. Who among 
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you would be willing to say definitively that 
the emission of 73 db. in the 0 to 75 octave 
band is a crime, whereas the emission of 72 
is permissible; that an average emission of 
14 Ringelman Number One per hour is 
properly subject to fine and abatement and 
that an odor which becomes undetectable 
when diluted with 4 parts clean air is not 
objectionable, whereas if it takes 5, it is. 
Certain of these “objective standards,” it 
is true, have the benefit of some sort of 
scientific instrumentation, that is, if you 
wish to call the Ringelman Chart a scientific 
instrument. Of course, this is not so with 
odors. (If, by chance, there is someone 
here with a calibrated nose, I would like 
to speak to him after the session is con- 
cluded this morning. ) 

I am told by my engineering friends that 
virtually none of these standards have sci- 
entific foundation or are reasonable or 
capable of being efficiently enforced. Of 
course, not all of the standards fail for 
each of these reasons. In certain areas 
there would appear to be room in which to 
work out scientific, reasonable, and enforce- 
able regulations. This is particularly true 
in the air-pollution field—but not within 
the confines of a zoning law. In other fields, 
the use of these so-called objective stand- 
ards seems beyond hope. 

In their present form I have strong res- 
ervations as to whether the standards which 
have been adopted in Chicago, proposed in 
Cook County, and copied in numerous ordi- 
nances throughout the country meet the con- 
stitutional requirement of substantive due 
process—that all regulatory law have a 
reasonable relationship to the furtherance 
of public health, safety, welfare, and 
morals. It must be kept in mind that we 
are not dealing here with the typical in- 
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plant problem which at least in some meas: 
ure is uniform in condition and predictable 
as to performance. Rather, we are con- 
cerned with what happens outside the plant 
and here the variables are infinite. Studies 
in the subjective response of the community 
to industrial emissions are sketchy and 
scarcely authoritative. Whether a noise or 
other emission becomes a nuisance depends 
in part on what causes it and how the wel- 
fare of the public benefits from its creation 
as well as its effect upon human beings. 
One of my associates cai!ls regulatory laws 
of this nature “the numbers game.”” To me, 
these numbers smack on their face of the 
type of arbitrariness capriciousness 
proscribed by our federal and state con- 
stitutions. 

It is a safe prediction that the future 
will see the enactment of more and more 
laws regulating industry. It is vitally im- 
portant that industry do all it can to see to 
it that those laws are properly formulated, 
are reasonable and realistic, and are capable 
of being honestly enforced. My experience 
has been that this is best accomplished 
through the conference method of drafting 
legislation, whereby the proponents of the 
law and all those to be affected by it join 
together to formulate its terms and provi- 
sions, In this endeavor the lawyer and the 
industrial hygiene expert can perform valu- 
able service. So I leave you with this mes- 
sage: The next time your community is 
considering a comprehensive zoning law, do 
not merely send it to the real estate depari- 
ment for burial; rather, study its manufac- 
turing section carefully. I think you will 
be surprised at your familiarity with the 
subject matter. 


208 So. La Salle St. (4) 
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Some Aspects of Human Engineering 


WILLEM S. FREDERIK, M.D., Ph.D., M.S.1.H., Hopkinton, Mass. 


One of the oldest struggles of mankind, 
the fight against the natural environment, 
is responsible for the creation of a new 
hazard, the artificial 
ment. An important aspect of man’s prog- 


man-made environ- 
ress is to make life more comfortable and 


modern industrialization is a means to 
realize this ideal. 


We build 


against the undesired intluences of climate, 


homes to shield ourselves 
wear clothes mainly as a protection against 
the same climatological influences and we 
build cars, trains, ships, and airplanes in 
order to travel faster and to cover more 
distance than we are able to travel using 
our own energy supply. But at the same 
time, we are introducing new hazards to 
mankind. We are accustomed to accepting 
the artificial 

ourselves to it. 


environment and adjusting 


Rebellion against this acceptance of hu- 
man slavery to the machine gained momen- 
tum during the Second World War, and 
many institutions and organizations are at 
present active in studying ways to improve 
Modern 


industry does not accept principally human 


the human-machine relationship. 


adjustment to an artificial environment, but 
tries adjusting the artificial environment 
within the normal limits of human capa- 
bilities. The machine must be considered 
as a psychophysiological part of the human 
being; in other words, an extension of a 
biological unit. With this basic concept in 
mind, it will be clear that, e.g., equipment 
design starts with knowledge of human 
physiology, psychology, anthropology, ete. 
Realization of this goal to its extremes will 
be impossible, but we must realize that the 
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time has come to undertake drastic steps in 
order to recognize and control hazards we 
ourselves created in the past. 

“Ergonomics” is the modern word for 
the science studying human factors in work, 
machine control, and in equipment design. 
“Human engineering” and “ergonomics”’ 
denote basically the same science. The in- 
terest of our laboratory in “ergonomics” is 
obvious. The prevention of losses, especi- 
ally of human beings, or the partial losses 
of human potentialities, is our business. 
“Ergonomics” offers a logical and promis- 
ing approach to accident prevention and is, 
therefore, welcomed as a most useful addi- 
tion to our arsenal. 

Time does not permit discussion in detail 
of even a few of the problems on which 
we are working at the present time. I can- 
not resist, however, stimulating your interest 
in our work by mentioning the following 
projects: 

1. The development of a light-weight 
“heat exchanger” mask which automatically 
regulates the temperature of the inhaled air 
to body temperature, independent of the en- 
vironmental condition. 

2. The development of a “sensing” de- 
vice for pneumatic punch presses, to pre- 
vent injuries to the operator. 

3. The development of the Alert-O- 
Matic. This made to prevent 
automotive accidents as a result of highway 


device is 


hypnosis, fatigue or sleepiness. 

| would like to discuss, however, in some 
detail the design and development of an 
industrial floor truck and of a shopping 
cart (Figs. 4 and 5). These examples will 
give me the opportunity to introduce for 
the first time a newly developed instrument 
for the determination of human 
expenditure. 
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ASPECTS OF HUMAN ENGINEERING 


Department stores and other establish- 
ments using floor trucks have reported 
many accidents related to floor truck opera- 
tion involving company personnel as well 
as the truck operator. Many of these acci- 
dents consist of injuries to the legs, falls, 
and back injuries of the truck operator. 
Injuries to the truck operator, such as back 
strains, could be prevented to a large extent, 
in our opinion, if we knew more about hu- 
man capabilities and limitations in manual 
trucking. 

Is it safe for the “average’”’ man to han- 
dle a truck containing 1,000 Ibs., or would 
this situation increase his chances of back 
injuries? Is pulling “safer” than pushing? 
What is the proper relationship between the 
slope of a ramp and the total weight of 
truck and load? These questions and many 
others are occupying the minds of many 
safety engineers because they believe, as 
we do, that a proper answer to these ques- 
tions would decrease the number of acci- 
dents to the hand truck operator. In case 
of a collision, the sharp corners of the truck 
will sometimes cause serious injuries to 
employees or shoppers. These collisions may 
be brought about by the operator losing 
control of his truck. A heavily loaded truck 
may increase speed on a downgrade, some- 
times getting completely out of control. In 
other cases, trucks are piled high with sup- 
plies, limiting the operator’s field of view. 
Play, carelessness, and other various human 
factors also add to the accident rate. Thus, 
it was obvious that the present truck design 
was very unsatisfactory from a safety point 
of view. New trucks were needed which 
would incorporate safety measures in order 
to reduce the frequency and severity of 
truck accidents, both to truck operator and 
bystanders. 

The approach in solving this problem 
was twofold: (1) Study of the “human 
factors” in manual trucking and (2) incor- 
poration of safety factors in the design of 
the floor truck to reduce injuries to other 
persons than the trucker. 

In the study of the “human factors” we 
limited our research to human efficiency 
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measurements. One of the favorite tools 
of the physiologist interested in ergonomics 
is his equipment to measure metabolism. 
Because of the importance of this equip- 
ment, I spend a good deal of time and effort 
in developing an instrument which will 
measure work efficiency more satisfactorily 
than most commercially available equipment. 
I would like to discuss with you, this new 
instrument, called the “Differential Flam- 
oxymeter.” It enables us to obtain an accu- 
rate, continuous determination of the 
oxygen concentration in gas mixtures, in- 
formation basic to the evaluation of metab- 
olism and human efficiency. 

In considering the development of a 
method to determine oxygen quantitatively 
and qualitatively in gas mixtures, it seems 
logical to utilize chemical or physical char- 
acteristics of oxygen, which are in degree, 
or essentially, different from other gases. 
Therefore, the fast oxidation of combusti- 
ble substances as it occurs in a flame seems 
especially appealing because this reaction 
does not take place without oxygen in the 
majority of circumstances. Furthermore, 
the physical phenomena which accompany 
combustion will provide us with a variety 
of choices for quantitative measurements. 
The instrument must be designed in such a 
way that the oxygen concentration of the 
gas sample is correlated with the chemical 
or physical characteristics measured. A 
priori we did not expect satisfactory results 
from a method in which the heat production 
of a flame would be affected by minor 
changes in the oxygen concentration in the 
environment of the flame. One may expect 
that the limiting factor for the combustion 
under these circumstances will be the rate 
of supply of combustible material rather 
than the concentration of oxygen in the 
sample. 

To make oxygen the limiting factor in the 
combustion we simply can “reverse” the 
flame. Because combustion is a_physico- 
chemical process in which the combustible 
component is as essential to the reaction as 
the oxygen, it makes no difference whether 
a combustible gas burns in an environment 
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of oxygen or whether oxygen burns in an 
environment of combustible gas. Therefore, 
if we were living in an atmosphere of hy- 
drogen, we would call oxygen a combustible 
gas and the gas company would supply our 
gas ranges with oxygen. 

By utilizing a reversed flame for the 
determination of the oxygen content in gas 
samples, it will be possible to produce heat 
in direct proportion to the oxygen content 
of this sample. In order to obtain this di- 
rect relationship, one must provide an 
excess of the combustible gas in the envi- 
ronment and at the same time one must 
keep the flow of the sample gas toward the 
flame at a constant rate. Under these cir- 
cumstances, the instrument is specifically 
sensitive to oxygen and not to other gases. 

Notwithstanding the simplicity of the 
principle of the reversed flame, it 
found to be extremely difficult to develop 
an accurate, sensitive, and practical instru- 
ment for the determination of the oxygen 
content in gas samples. 


Was 


A differential method, using two flames, 
was chosen because it had some advantages 
over the utilization of a single flame, as 
will be explained later. 

As environmental, combustible gas we 
tried town gas, methane, butane, hydrogen, 
acetylene, and other commercially available 
gases. Town gas was found to be too vari- 
able in its composition to assure a high 
degree of accuracy over a long period of 
time. Methane, as well as butane, will not 
support the combustion of a small reversed 
flame. Acetylene as an environmental com- 
bustible gas has the tendency to deposit 
carbon on the optical system. Hydrogen gas 
was found to be the best environmental gas 
of the group tested and has been used with- 
out experiencing any difficulty. 

Figure 1 presents a sketch of the essen- 
tial parts of the Differential Ilamoxymeter. 
Chamber 4 is kept under a constant low 
vacuum by means of vacuum pump B. The 
gas flow toward pump B is kept constant by 
utilizing a critical orifice C. D, and Ds are 
The 
air flows toward the burners 2); and Ds 


the burners for the reversed flames. 
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Fig. 1—Schematic drawing of the “Differential 
Flamoxymeter.” A, combustion chamber; B, vac- 
uum pump; C, critical orifice; Di, Ds, burners; 
Fy, Es, capillary tubes for air samples; F, capillary 
tubing for hydrogen ;_G, pressure release tubing for 
hydrogen; /, manometer; K,, Ko, quartz windows ; 
L,, La, thermistors; M, battery; Ni, Ne, resistors of 
Wheatstone bridge; P, galvanometer, Ri, Rs, pres- 
sure release tubes for air samples. 


is a function of the atmospheric pressure P, 
the pressure within the combustion chamber 
A, and the resistance of the capillary tubing 
FE, and Ey. A constant flow of hydrogen 
enters 1 through the capillary tubing F. 
secause the instrument is very sensitive to 
variations in flow, the pressure of the in- 
coming hydrogen and sample air at the 
entrance to the capillary tubes must be con- 
stant. The hydrogen is taken from a tank 
of compressed gas. In order to supply this 
gas at a constant pressure to capillary tub- 
ing F, the gas is supplied, to an open tubing 
G. The excess of hydrogen is simply 

A small 


part of the hydrogen in tubing G is drawn 


burned at the end of this tubing. 


through capillary F towards the combustion 
chamber 4. The same method is used for 
the air samples supplied through Rk, and Re 
toward capillaries Ey and Ey. The capillary 
tubes F, /y and Ee, as well as the critical 
orifice C must be kept at a constant temper- 
ature to assure good flow control. Opposite 
the two flames are two quartz windows K, 
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and Ke mounted in the wall of the combus- 
tion chamber A. The infrared energy radi- 
ated from the two 
through the windows by means of two iden- 


flames is measured 
tical thermistors, Ly and Le The thermis- 
of a Wheatstone 
bridge.* A variation in the oxygen concen- 


tors form two arms 
tration between samples supplied to flame 
D, and Dz will cause an unbalance of the 
Wheatstone bridge. The signal coming from 
the bridge is amplified and fed into a chart 
recorder. Because the degree of unbalance 
of the bridge is related to the difference in 
oxygen concentration of the two samples, 
the magnitude of the signal coming from 
the bridge is an indication of the oxygen 
concentration of the gas fed into the “test” 
burner if the “reference” burner is supplied 
with a known gas mixture. For the “ref- 


* The variations in infrared radiation of the 
flames can be measured in many ways. At the 
present time, we are experimenting successfully 
with two lead sulfate cells, on which we project, 
by means of a single quartz lens, the images of the 
flames. 


erence’ gas mixture, we normally use out- 


door air. 

The analysis apparatus described is the 
most important component of an instrument 
designed to measure metabolism continu- 
ously. Figure 2 presents a schematic draw- 
ing of the various additional parts essential 
to this kind of measurement. A motor 
driven constant output pump draws outdoor 
air through tube 1, via valve K to mask J. 
The plastic expansion bag / provides tem- 
porary room for extreme expirations. The 
valve K closes if the exhaled air exceeds the 
capacity of the pump. The dry and wet 
bulb thermometers £ and F enable us to 
determine the partial water vapor pressure 
of the air passing through the mask. A 
calibrated flowmeter 1) measures this air 
flow. The valve X is used to make correc- 
tions in air flow during an experiment. An 
additional low capacity double piston pump 
P; and Py, samples air dried by means of 
absorbers Ny and Ns. The absorbers are 
connected with the open tubes O; and Os. 
Thermistors and are exposed to the 


Fig. 2—Schematic 
drawing of the “Differ- 
ential Flamoxymeter” and 
additional equipment as 
used for the continuous 


determination of metab- 


olism (see also text). A, 
inlet for outdoor air; K, 
valve to prevent back 


flow of respiratory air; J, 


Frederik 


face mask for test per- 
son; J, expansion bag; 
E, dry thermometer; /, 
wet thermometer; C, ori- 
fice; D, calibrated ma- 
nometer—flow meter; X, 
flow adjusting valve; P,, 
Ps, sample pumps; Ni, N2, 
air sample dryers; O,, 
Os, pressure release tubes 
for air samples; Si, Ss, 
burners for the “re- 
versed” flames; To, 
capillary tubes for hydro- 
gen; V2, thermistors: 
R,, Rs, variable resistors 
of Wheatstone bridge; 
W, battery; G, D.C 
amplifier and recorder; 

“zero line—sample” 
valve; U, outlet to critical 
orifice and vacuum pump 
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radiation from the two flames passing 
through the quartz windows. The thermis- 
tors V; and V2 are branches of the Wheat- 
stone bridge schematically shown in Figure 
2. The indicating meter G is actually a D.C. 
amplifier and recorder. Resistors R, and 
R2 may be varied, which enables us to 
adjust the “zero line” of the recording 
meter. The amplifier is equipped with a 
four step-gain control in order to vary the 
sensitivity range of the analyzer. The valve 
M supplies the “test’”” burner S2 with out- 
door air or with sample air coming from 
mask J. The “reference” flame S; receives 
dry outdoor air continuously from pump P. 
With the valve M in the position shown 
in Figure 2, the difference in heat produc- 
tion of flame S$; and S» is related to the 
oxygen consumption of the test person. 
Therefore, the current passing through 
meter G is proportional to the rate of me- 
tabolism of the subject breathing through 
mask J. The temperature, relative humid- 
ity, barometric pressure, and volume of the 
air passing through tube 4 are all factors 


playing a role in the final calculation of the 
metabolism. 


The Differential Flamoxymeter, in com- 
bination with a sufficiently large treadmill, 
enabled us to study the influence of vari- 
ables such as handle height, horizontal re- 
sistance, etc., on the energy expenditure of 
the truck operators. 

This type of study reveals that the human 
efficiency for many industrial activities has 
an optimal value if the circumstances are 
selected correctly. This means that inde- 
pendent of the work output, certain envi- 
ronmental, design, or other factors, influence 
the energy expenditure of men. Our goal 
is, therefore, to find situations in which 
man works at his top physiological efficiency 
or, in other words, expends the least amount 
of energy for his daily industrial work. 
This approach will reduce fatigue and also 
stress and injuries related to fatigue and 
stress. 

The following conclusions are based on 
efficiency measurement of manual trucking : 

1. Pushing is more efficient than pulling. 
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2. Pulling is only recommended in case 
of poor visibility due to bulky loads. Note: 
It must be recognized that under certain 
conditions even though the trucker is in 
front of the truck he is pushing the load. 
An example is the type of trucking opera- 
tion (similar to a Chinese rickshaw) where 
the trucker is actually pushing on a hori- 
zontal bar or extended shafts on a stevedore 
truck. 

3. The optimal horizontal resistance of a 
hand truck in motion is approximately 
32 Ib. 

4. The best average height of the hori- 
zontal pushing bar of a hand truck is ap- 
proximately 30 to 40 in. above floor level. 
The above information is very helpful in 
designing a manually operated truck so far 
as the effective use of the operator’s energy 
is concerned. However, as pointed out 
above, in item number two, we are also 
concerned with the safety of the bystanders. 
Accident analyses indicate the need for (1) 
automatic brake, (2) elimination of sharp 
edges and splinters, and (3) provision of 
bumpers at ankle and hip height. Consid- 
eration of these factors resulted in the con- 
struction of the first experimental hand 
truck. Figure 3 shows this experimental 
four wheel hand truck. It is provided with 
a bar-like handle at 40 in. from the floor 
level. Four 3 in. wheels are attached to the 
truck, one at each corner. The front wheel 
assemblies are stationary while the rear 
wheel assemblies can swivel 360 degrees. 
The brake assembly is attached to the front 
wheels and connected to the handle by way 
of a level. The handle is normally held 
upright by spring action. In this position, 
a wooden brake is held firmly against the 
two front wheels by the same springs. 
When the hand is depressed, the lever is 
pivoted and pulls the wooden brake away 
from the wheels, enabling the truck to be 
moved freely. The handle bar, lever, and 
brake are connected by steel cables. When 
the handle is depressed, it is in its operating 
position. But when the operator lets the 
truck go, the handle will swing up and the 
truck will come to an immediate stop. In 
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Fig. 3.— Laboratory 
model of four wheel 
safety truck showing 
“dead man’s handle” in 
its operational position. 
The base of the truck 
has rounded corners and 
is also provided with rub- 
ber padding at approxi- 
mately ankle height. A 
secondary padding is in- 
stalled at hip height (only 
partially on this truck). 


addition to the brake, rubber bumpers are 
also provided, one at ankle height and the 
other at hip height. The rubber bumpers 


Fig. 4—Illustration of a commercially made 
safety floor truck. This truck is made through the 
cooperation of Spaulding Fibre and Liberty Mutual 
Research Center. It is provided with two “dead 
man’s handles” and two sets of protruding “hip” 
bumpers at either end. The base of the truck is 
circumvented by rubber padding. The body of the 
truck is made of a fiber-plywood fiber material. 
The corners of the body are rounded. 


Frederik 


at hip height protrudes a few inches as 
-compared to the “ankle” bumpers because 
it is the lesser of two evils to hit a person 
at hip height rather than at ankle height. 

As a result of these studies, a commercial 
model of a safety floor truck was made at 
Spaulding Fibre Company, Inc., at the re- 
quest of Liberty Mutual Research Center. 
The essential design factors of this truck 
are identical to those of the previously dis- 
cussed laboratory safety truck. Its dimen- 
sions are 27 in. W & 51 in. L. X 39 in. H, 
and its weight is approximately 135. Ib. 
(See Figs. 4 and 5). “Dead man’s handles” 
are placed at either end of the truck at 
approximately 32 in. above the floor level. 
The two wheels in the middle of the truck 
are rigid and are provided with the brake- 
shoes. The front and rear wheels swivel. 
This “tilt diamond” mounting was chosen 
for greater maneuverability. This location 
of the wheels, however, limits the use of 
this truck to level areas. 


1. A slightly protruding bumper at hip 
height is placed at either end of the truck, 
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enclosing the dead man’s handle in _ its 
neutral position. The body of the truck 
is made of a fiber-plywood fiber material, 
which is strong, light, and splinter proof. 
The corners of the body are rounded and 
protected by an aluminum band. 

2. Attached to and completely surround- 
ing the base of the truck at ankle height is 
a soft rubber bumper. 

Finally, | would like to discuss the some- 
what ‘related problem of the design of a 
shopping cart. 

Many supermarkets have parking lots 
which are not level. Unattended shopping 
carts, left at the parking area, may run 
away, colliding with parked customer’s cars. 
Damage to the automobiles is, in general, not 
serious, but over the years costly because of 
the relatively high frequency of this type of 
accident. Because it is impractical and un- 
realistic to level the parking lots where these 
accidents occur, the solution must be found 
in a special design of the cart. The idea of 
a dead man’s brake is appealing to the 
present problem, but is not directly appli- 
cable without various design changes. The 
shopping cart is mainly operated by women 
who, in general, are not instructed in the 
technical details of dead man’s brake opera- 
tions. In order to make a brake design ac- 
ceptable to the public and management, it 
must operate automatically. Our goal was, 
therefore, to construct a braking mechanism 
that was “on” if the truck was not attended. 
A push or pull on the regular handle bar 
would release the brake automatically. 

The present carts are constructed in such 
a way that they telescope upon each other 
and so take up less storage space. A num- 
ber of stacked carts are pushed by one man 
towards the entrance of the shop to make 
A further 
design consideration, therefore, was that the 
brake when 
“stacking” the carts. The cart, as designed 


them available to new customers. 


automatic must be released 
in Liberty Mutual Research Center, incor- 
porates the above-mentioned design factors. 

In the schematic drawing of a shopping 
cart automatic brake assembly (See Fig. 6) 


the handle bar 1, pivoting on point C by 
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Fig. 5.—The above illustration shows the bottom 
view of the commercially made safety truck. Steel 
cables are connected from the brake assembly to 
the two handles. Normally, two curved brake- 
shoes are held by means of two compression springs 
against the two middle wheels. When either handle 
is depressed, the cable pulls the brake-shoes away 
from the wheels, enabling the truck to move freely 


means of bar B, will rotate part D when 
pushed or pulled. This rotation of D will 
lift bar FE, pivoting at F. The travel of the 
bar 4 as a result of pushing or pulling is 
limited to approximately 1 in. in either di- 
rection by stops /; and J, The pivoting 
point C of part D is excentric. This equal- 
izes the lifting motion of bar EF regardless 
of whether the cart is pushed or pulled. A 
flexible cable /7 is attached by means of an 
adjustable threaded rod and nut to part E 
on one end and to the brake assembly on 


the other end. The brake assembly con- 
sists of a pivoting bar L to which brake 


shoe \/ is attached. Brake lining Q, in this 
instance rubber, is forced against cart wheel 
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BLSE 


Fig. 6—Schematic drawing of brake assembly for shopping cart (see text). 


Fig. 7.—Laboratory 


model of a shopping cart 
with automatic brake. 


Frederik 


P by means of a compression spring S. K 


is a tubular member of the cart frame. 
When handle 4 is pushed or pulled, cable 17 
attached as previously described, lifts brake 
assembly away from wheel P. F is a sche- 
matic representation of the back of the 
shopping cart basket. This back is hinged 
at the top, enabling it to swing to a hori- 
zontal when carts are stacked. 
When this occurs, part T, attached to R, 
revolves around its pivet point and lifts 
bar 
releases the brake. In stacked position and 
unattended, the last truck still has the brake 
in the “on” position. A picture of the labo- 
ratory model of this shopping cart is shown 
in Figure 7. 


position 


As previously explained, this action 


Liberty Mutual Insurance Company, Frankland 


Road 
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Current Applications of the 


Principle 
KNOWLTON J. CAPLAN, St. Charles, Mo. 


Development of the reverse-jet filter was 
originally begun by H. J. Hersey Jr., in 
1939, as a result of his unfortunate experi- 
ences with the then existing types of dust 
The first industrial 
installation was made in the Fisher Flour- 
ing Mills, Seattle, Washington, in 1942, and 
is still operating. 


collection equipment. 


Although development 
work was interrupted by the war years, the 
licensed commercial production of this type 
of dust filter began in 1946. There are at 
this time several thousand units operating 
in U.S. industry, and a general review of 
application experience seems in order. 
Distribution of usage in American indus- 
try is fairly widespread, as indicated in the 
Table. Approximately one-third of the 
units are operating in grain, animal feed, 
flour, and food processing industries. In 
addition to the fact that the early develop- 
ment of the filter was in this field, one of 
the filter 


Manager of 


more active manufacturers was 


Assistant General Engineering, 
Mallinckrodt Chemical Works, Uranium Division. 


Distribution of Application of 
Reverse-Jet Filters 


Approxiiuate 
Percentage of 
Units in 

Industry or Major Application Service 

Grain, flour & feed milling 

Food processing 

Atmospheric air 

Rock & rock products 

Chemical & pharmaceutical mfg 

Metallurgical ore processing 

Abrasives & ceramics 

Plastics 

Uranium processing & AEC 

Metal fabricating 

Foundries 

Rubber mfg. 

Miscellaneous 


i 


Reverse-Jet Filter 


already well-established as an equipment 
supplier in these industries. By now, how- 
ever, two out of every three filters are 
operated on applications or in industries 
different from the field of initial applica- 
tion. It should be pointed out that the 
“atmospheric air” classification involves 
primarily large air compressor intakes, sup- 
ply air systems to automobile finishing lines, 
etc. The filter is not used to any extent in 
ordinary air conditioning or heating appli- 
cations. 

Much has been learned about application 
of reverse-jet filters, and it is the object of 
this review to cover the major aspects 
of functional performance. Specific me- 
chanical design will not be discussed, pri- 
marily because those features are of 
proprietary interest among the several man- 
ufacturers, and each specific design has, in 
common with most machinery, its own sell- 
ing points and weaknesses. Functional per- 
formance variables such as prediction of 
performance, efficiency, filtering rates, blow 
ring variables, etc., and specific problems 
will be discussed. 

The basic principle of the reverse-jet 
filter involves the maintaining of porosity 
in a relatively deep bed of fine fibers, so 
that continuous high-flow-rate performance 
at high efficiency may be maintained. One 
way of achieving this, and the specific 
method first developed and exploited as 
described above, involves the passage of a 
small volume, high velocity jet of air in the 
direction to the normal flow of 
filtering air. With this method, a felt or 
a felt-like substance must be used as the 
filtering medium, because a relatively deep, 
homogeneous bed of fibers of reasonable 
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mechanical strength and flexibility is_re- 
quired. A round torus with a slot on the 
inside surface, or “blow ring,” is moved 
slowly up and down a vertical felt tube to 
provide the reverse-jet action. The basic 
design and behavior has been described 
previously.*4 

Prediction of performance is a most im- 
portant element in the proper application of 
the filter. In this context, performance con- 
cerns the relationship of filtering velocity, 
resistance, and dust loading as distinguished 
from efficiency. 

The physical and chemical nature of the 
dust itself is the most important variable. 
Although equations relating the basic phys- 
ical and chemical properties of dust particles 
to filtration can be derived, the determina- 
tion of these basic parameters and their 
application to the practical case requires 
more time and expense and is less certain 
in its result than a more empirical approach. 

Two methods of predicting performance, 
one analytical and one graphical, have been 
developed. Both methods depend upon prior 
knowledge of at least one operating point 
of a filter on the dust in question. Such 
prior knowledge is best gained from a full- 
scale installation on the same, or closely 
similar, dust. If such data is not available, 
a pilot test of several hundred operating 
hours will yield reliable data. Least reliable 
is the laboratory test of short duration, 
because usually from 50 to 200 operating 
hours are required for the filter to reach 
true equilibrium conditions. Laboratory 
data can be used, however, if generous 
safety factors are applied. 

The analytical method for predicting per- 
formance was developed by Harvard Uni- 
versity and takes the form: 


K, V (L+ Ks)" + ( ) (1) 


where 
Ry= filter resistance, inches w.g. 
V= filtration velocity, c.f.m per sq. 
ft. 
L= dust load to filter, grains per 
sq. ft.-min. 


Caplan 


V;= velocity of reverse-jet, ft. per 
min. 
J;= fraction of operating time that 
reverse-jet is operating 
nm, m=experimentally determined ex- 
ponents 

K,— K4= experimentally determined con- 

stants 

The application of the equation (1) in 
practice is usually inconvenient. Even if 
full scale operating experience on the sub- 
ject dust is available, data is seldom avail- 
able or easily attainable with which to 
evaluate all the constants. Furthermore, a 
new projected application is somewhat pre- 
dictable in terms of dust concentration, C 
(grains per cubic foot) but not in terms of 
L.. The variables C and L are related as 
follows : 

(2) 
and V is usually the unknown to be deter- 
mined. Thus, even if the constants have all 
been evaluated, one must resort to trial and 
error calculations or to a determination of 
a nonintegral power function of V’ to obtain 
the desired result. 

A graphical solution can be obtained di- 
rectly from a single set of known operating 
conditions of filtering velocity, resistance, 
and dust load, by separating the variables 
of filtering velocity and dust load. Dust 
load of significance to the filter is in weight 
per unit time per unit filter area, and the 
usual “grains per cubic foot” concentration 
must be converted to such units by Equa- 
tion 2. 

Upon separating the variables, one finds 
that filter resistance is linearly proportional 
to filtering velocity }:* as shown in Figure 1, 
as long as the absolute dust load L is con- 
stant. Similarly, with the filtering velocity 
constant, the relation log R vs. log L results 
in a straight line of slope 4,7 as shown in 
Figure 2. It is interesting to note that the 
Harvard data! determined by short runs 
would give slopes varying from 3.7 to 5.5 
and averaging 4.75, for four different dusts. 
The lower the slope of this line the more 
conservative is the prediction of perform- 
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Figure 1 


ance, so the value of 4 is used in this 
graphical method. 

The variables ’, L, and K can be com- 
bined on one chart as a family of curves 
shown in Figure 3. One known operating 
point locates the point labeled “original 
data,” and a line of slope=4 is drawn 
through this point. Parallel lines spaced in 
proportion to the filtering velocity at the 
same absolute dust load are drawn to repre- 
sent the performance at other filtering 
velocities, this representing the total per- 
formance picture of the filter on that partic- 
ular dust. 
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The determination of predicted perform- 
ance is by an easy trial and error method, 
illustrated by Figure 3. 

Original data : 
Dust concentration C 
Filtering velocity, c.f.m. per sq. ft. 
Filter resistance, R=4.3 in. w.g. 
L=—0.8X14=11.2 gr. per min.-sq. ft. 

Case A.—Determine the design filtering velocity 
for the same dust, for an anticipated dust concen- 
tration of 2.5 gr. per cu. ft., so that the resistance 
does not exceed 5.0 in. w.g. 


=0.8 gr. per cu. ft. 


Trial 1. Estimate resistance at same filtering 
velocity, 14 c.f.m. per sq. ft. 
Vi:=14 c.f.m. per sq. ft. 
Li=2.5X14=35 gr. per sq. ft.-min. 
i=5.7 in. w-g. (from chart) 


Vol. 21, Mar., 1960 


100 
= 
SLOPE = 4 
| 
10 
8 
6 
3 
4 
20 25 
= 
2 
= 
| 
| 
a 


REVERSE-JET FILTER PRINCIPLE 


10 


W. G. 


INCHES 


RESISTANCE, 


FILTER 


VOLUME~ AT 
CONSTANT ABSOLUTE 
DUST LOAD 


RESISTANCE 


| 


be) 
FILTER 


Trial 2. Adjust I; by ratio of desired re- 
sistance to Ri 
K14=12.2 c.f.m. per sq. ft. 
Le=2.5 12.2=30.5 gr. per sq. ft.-min. 
in. w.g. (from chart) 
Trial 3. Adjust V2 by ratio of desired re- 
sistance to 
X122=127 c.f.m. per sq. ft. 
gr. per sq. ft.-min. 
Rs=5.05 in. w.g. (from chart) 
Case B.—Determine the design filtering velocity 
to 


= 


the same dust, for an anticipated dust concen- 
tration of 0.5 gr. per cu. ft., so that the resistance 
does not exceed 3.5 in. w.g. 
Trial 1. Estimate resistance at same filtering 
velocity, 14 c.f.m. per sq. ft. 
Vi=14 c.f.m. per sq. ft. 
Li=0.5X14=7.0 gr. per sq. ft.-min. 
R:=3.8 in. w.g. (from chart) 
Trial 2. Adjust V1 by ratio of desired r 


sistance to Ri 
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VOLUME, 


Figure 2 


10 is 20 


CFM / SQUARE FT. 


Vs=14X c.f.m. per sq. ft. 
L2=12.9X0.5=6.45 gr. per sq. ft.-min. 
R.=3.45 in. w.g. (from chart) 

Case C—On the existing filter installation, 
hooding is to be revised so that more dust will be 
collected. It is estimated that the total dust load 
will be doubled. What will be the new filter re- 
sistance ? x 

Solution: Follow the 14 c.f.m. per sq. ft. line to 
a load of 22.4 gr. sq. ft.-min., 
New resistance—5.1 in. w.g. 

Case D.—On the existing filter installation, it is 
desired to increase the fan speed and add ductwork 
to provide ventilation for a new process. The ad- 
ditional air load would increase the filtering velocity 
from 14 to 18 c.f.m. per sq. ft., but little or no addi- 
tional dust is to be collected. What new filter re- 
sistance must the exhaust fan overcome? 
Solution: Follow the 11.2 gr. per sq. ft.-min. 

line to 18 c.f.m. per sq. ft. line, read 
Resistance—=5.5 in. w.g. 
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Figure 3 


If the unit is to be operated on pressure 
control, an additional allowance of filter re- 
sistance must be made. The graphical meth- 
od outlined above is valid for 100% blow 
ring operation, or where the “original data” 
unit and the new unit are both to operate 
at the same percentage on-time for the blow 
rings. For an installed unit, it is easy to 
obtain 100% ring operation merely by low- 
ering the set point of the control until the 
blow rings operate continuously. Pilot data 
or laboratory data will also usually be ob- 
tained on this basis. 


The variation of filter resistance with 
blow ring operation is shown in Figure 4. 
This variation covers quite a large spread. 
For the typical case, a 10% to 20% reduc- 
tion in filtering velocity below that predicted 
will provide satisfactory pressure control 
operation. For the more difficult filtering 
applications typified by the upper side of 
the spread, pressure control is less advanta- 
geous during  full-load still 
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periods. It 


serves the beneficial purpose of shutting off 
the blow rings when the dust load is greatly 
reduced due to process inactivity. This is 
a surprisingly large percentage of the time 
in many industrial operations. 

The graphical method of predicting per- 
formance was used with complete success 
in sizing 15 new filter installations for a 
new uranium refinery which went on stream 
in 1957. All the new units operated within 
expected ranges, once the mechanical start- 
up problems were corrected. In this con- 
nection, the nature of the dust as the most 
important variable was re-emphasized. In 
one process application, the filter was sized 
for a velocity of 16 c.f.m. per square foot 
based on prior experience and the graphical 
method. The itself was then 
changed, so that the dust generated, al- 
though of the same chemical composition, 
was of different physical properties. In 
spite of the fact that dust loading was lower 
than had been predicted for the old process, 


process 
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REVERSE-JET FILTER PRINCIPLE 
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% REVERSE 


the filter would not handle the load at a 


on the new 
experience, a filtering velocity of 8 c.f.m. 


reasonable resistance. Based 
per square foot was calculated, and addi- 
tions were made to the filter installation to 
double the filtering area. This step proved 
successful, again validating the graphical 
method, but emphasizing the importance of 
the nature of the dust. 

Efficiency of the reverse-jet filter is suffi- 
ciently high to represent 100% dust collec- 


Caplan 


Figure 4 


JET OPERATION 


tion for all practical purposes for most 


industrial applications. Efficiency is ade- 
quate for many radioactive dust collection 
problems especially if the dust is of low 
specific activity. 

A collection efficiency of 99.9 weight per 
cent minimum, and usually 99.99 weight 
per cent or better, can safely be predicted 
if the entering dust load is 0.01 gr. per cubic 
foot or higher, and if reasonable care is 
taken with such details as the fit of the filter 
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Several sets of 
efficiency data have been published and 


tubes on the tube collars. 


all except one set support the above con- 
clusion. It is interesting to note that the 
single set of data yielding lower efficiencies 
was obtained by testing random industrial 
installations on an “as is” basis with no 


check to 


bags, 


determine the condition of the 
Collection efficiency is not a 
function of particle size at these inlet load- 
ings. 

Filtering velocity in actual practice has 
covered the range of 3 to 54 ¢.f.m. per 
square foot at reasonable resistances. The 
higher end of the range, however, frequent- 
ly leads to a troublesome installation. It is 
the general consensus of opinion among the 
manufacturers and experienced users that 
the upper practical limit for smooth opera- 
tion should be 20 to 25 c.f.m. per square 
foot. 

Filter resistance for the usual design 
should be limited to a maximum of approxi- 
mately 8& in. w.g. Usual application en- 
gineering strives to design for the range 
3 to 5 in. w.g. A resistance of less than 
1 in. is not practical, since pressure less 
than this will fail to fully inflate the filter 
tube and the cleaning action of the blow 
rings will not be effective. Resistance higher 
than 8 in. will result in excessive bag wear, 
perhaps in lowered efficiency, and is not 
practical anyway for the usual application 
using standard industrial exhausters. 

Blow ring travel speed has been and 
continues to be a subject of debate. As 


manufactured, standard ring speeds may be 
obtained from 20 to 50 ft. per minute. The 
basic reason for the persistent difference of 
opinion is probably that there is a different 


cach 
different dust. During the downward trip 
of the blow rings, the reverse-jet action 
blows a cloud of dust off the inside of the 
filter tube and has a tendency to “chase” 
the suspended cloud of dust downward to 
the collection hopper. 


theoretical optimum ring speed for 


If the ring travel 
speed is properly matched to the natural 
settling velocity of the suspended cloud of 
agglomerates, this action is very effective. 
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If the travel speed is too slow, a portion 
of the dust already cleaned off the tube will 
redeposit lower in the tube. If the ring 
speed is too fast, the dust will redeposit on 
the just-cleaned portion of the tube above 
the blow ring. 

The validity of the postulated mechanism 
is supported by many field observations. 
For example, a ring speed of 20 ft. per 
minute has been found optimum for light 
dusts such as grain dust and flour, In the 
collection of high-density uranium dusts, a 
beneficial effect is always obtained upon 
increasing the ring speed to 40 or 50 ft. 
per minute. 

The situation is complicated by the fact 
that increasing the ring speed does not 
automatically increase the cleaning action of 
the reverse-jet. Because the reverse-jet slot 
in the blow ring has a finite width, the jet 
acts on a given point for a finite period 
of time as the ring passes that point. In- 
creasing the ring travel speed will get the 
jet back to that point more frequently, but 
for a shorter period each time. 

Fortunately, the blow ring travel speed 
of a given unit can be changed rather easily 
if necessary. It may be possible, with in- 
creased application experience, to group 
typical dusts into several classes for which 
the optimum ring speed could be approxi- 
mated, step-wise, at intervals from 20 to 
50 or 60 ft. per minute. 

Reverse-jet air volume and velocity data 
have been published!:? which show that 
filter resistance decreases with an increase 
in slot width, if either slot velocity or total 
reverse-jet volume is held constant. Obvi- 
ously, if jet velocity is held constant, in- 
creasing the slot width increases the total 
amount of reverse-jet air. 

The usual optimum range of reverse-jet 
air volume is 1.0 to 1.5 ¢.f.m. per linear 
inch of Slot widths furnished by 
various manufacturers vary from 0,030 in. 
to 0.25 in. 


slot. 


Within the normal operating 
ranges, an increase in jet air volume will 
decrease the filter resistance, of course at 
increased cost for the reverse air blower 
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REVERSE-JET FILTER PRINCIPLE 


Figure 5 


and at increased power cost for its opera- 
tion. 

Laboratory data’ and the 
field experience indicate that for a heavily 
loaded filter operating in the range of 6 to 
8 in. w.g. resistance, 75% to 80% increase 
in reverse-jet air volume will decrease the 
filter resistance about 25%. 

There has been a recent trend to use 
larger slot widths than formerly, thus per- 
mitting the use of relatively inexpensive, 
low maintenance centrifugal blowers as a 
source of reverse-jet air pressure. Although 
theoretically a constant volume air pump 
such as a Roots or Sutorbilt blower should 
be used to maintain reverse-jet volume in 
spite of any increases in filter resistance, 
the use of centrifugal blowers seems to 
have worked out well, especially for lighter 
loads and easily filtered dusts. 

Encrustation on the blow rings has been 
an occasional source of difficulty with re- 
verse-jet filters. The crust, when one forms, 
builds up on the surface of the blow ring 
near the slot as a hard, rough crust com- 
posed of dust particles and felt fibers. It is 
usually water soluble, and in any case may 
be removed by fine sandpaper or steel wool. 
A low power photomicrograph, Figure 5, 
illustrates a bad case of encrustation on a 
brass blow ring. (Brass was formerly used 


author’s own 


Caplan 


for blow rings but has been discontinued 
in favor of harder, more corrosion resistant 
materials.) Although encrustation is only an 
occasional problem, if it occurs it is quite 
troublesome. The hard, rough crust has a 
sandpaper effect on the filter tube that re- 
sults in a short tube life. Encrustation is 
usually attributed to the presence, in the 
dust or gas stream, of chemical constituents 
which will attack or slightly corrode the 
surface of the blow ring. The presence of 
oils in the felt filter tube may contribute 
to this phenomenon, since more encrustation 
has been observed on some applications 
felt (which contains natural 
oils) than using Dacron synthetic felt. On 
the other hand, deliberate addition of silicone 


using wool 


oil to wool felt does not form a crust in 
applications which do not have encrustation 
using normal wool felt. 


The cure for an encrustation problem 
seems to be rather specific for the specific 
application. Usually synthetic felts, partic- 
ularly Dacron, result in less encrustation 
(or better resistance to its effect). Stainless 
steel rings, or stainless steel metallized rings, 
frequently but not always eliminate the 
problem, and the same can be said of other 
coatings such as Teflon, glass, hard chrome 
plate, ete. 


43/207 


4 
a 
a 
4 
j 
i 


A.M.A,. ARCHIVES OF INDUSTRIAL HEALTH 


In one filter of special design, handling 
an average dust load of 8 gr. per cubic 
foot at a filtering velocity of 24 c.f.m. per 
square foot under a static suction of 18 in. 
Hg and a filter resistance ranging from 10 
to 20 in. w.g., encrustation was a partic- 
ularly aggravating problem. The dust and 
gas contained up to several tenths of a per 
cent free NOs and nitric acid, and although 
the blow tubes were stainless steel and the 
filter tubes were Orlon, a bad crust would 
build up in 24 to 48 hours of operation. 
The unit operated 24 hours a day, and bag 
life would sometimes be as short as one 
week. Use of Teflon coating on the blow 
tubes increased the bag life to 8 weeks. 
Although 8 weeks is still a short life com- 
pared to the normal expectation of a year 
or more, it is regarded as reasonable for 
this severe duty. 

General advantages of the  reverse-jet 
method must be sufficient to overcome the 
cost differential between this more expensive 
type of equipment and the other types 
which compete with it for the same applica- 
tions. The major general advantages are: 

1. Permits smaller space and weight re- 

quirements for the same capacity 
Provides continuous and almost con- 
stant volume at dust collection hoods, 
while providing reliably high collec- 
tion efficiency 

Capable of handling (at low ratings 
of 3 to 8 c.f.m. per square foot) dusts 
which cannot be handled by other 
filters 


Permits handling of high-humidity 
gases by heating the blow ring air 


Other factors are sometimes an advantage 
for specific applications or industries. Use 
of pressure control, for example, permits 
even closer control of system exhaust 
volume, increases efficiency somewhat, and 
minimizes bag wear and maintenance. The 
high filtering velocities and resulting fewer 
bags are attractive in radioactive applica- 
tions, where sanitation is a problem, and 
for quick change-over between different 
products made in the same equipment. The 
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ability to handle heavy dust loads is attrac- 
tive for hammermill product collection, 
pneumatic conveying, and similar applica- 
tions. 

The long range impact of this method of 
high efficiency—heavy load filtration has 
been noticeable. Since the introduction of 
this method, most of the major filter man- 
ufacturers have introduced some form of 
reverse-flow cleaning of filter media. The 
reverse-jet manufacturers themselves have 
developed further modifications and adap- 
tations of the basic principle, some of which 
have been on the market for a short time, 
and others just being introduced. Occasion- 
ally in industrial hygiene and frequently in 
air pollution editorial literature, one en- 
counters criticism of “equipment manufac- 
turers” for failing to provide adequate 
equipment. Most such “equipment manu fac- 
turers” are relatively small companies and 
must develop and produce a product at a 
price which will sell and still make a profit 
in order to stay in business. In view of these 
circumstances, it seems safe to conclude 
that the reverse-jet method itself is an ad- 
vance and indirectly has played a part in 
bringing about a general advance of no 
small magnitude in this field. 


Uranium Division, Mallinckrodt Chemical Works. 
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Review of Workmen’s Compensation Legislation—1959 


THEODORE HETZLER Jr., New York 


Some 1,500 legislative proposals affecting 
state workmen’s compensation laws and the 
Longshoremen’s and Harbor Workers’ Act 
have been introduced and considered by the 
1959 legislatures. To date, 160 bills, or ap- 
proximately 11% of the legislative pro- 
posals, have been enacted. Eight state 
legislatures are still in session. 

As expected, and particularly because of 
our “dollar-conscience economy,” a sub- 
stantial majority of the proposals thus far 
enacted provide for increased compensation 
benefits, including medical and _ rehabilita- 
tion, and are averaging approximately 199% 
higher than previous maximum compensa- 
tion payments. To date, workmen’s compen- 
sation benefits have been improved in 26 
states. As a result of legislation thus far 
enacted in 1959, the national average max- 
imum weekly benefit rate has been increased 
to approximately $46 per week. In those 
few remaining states still in session, it is 
expected that there will be a corresponding 
increase in benefits. There has been also a 
gradual widening of medical benefits in 
1959, both as to duration and in the re- 
moval of arbitrary ceilings limiting the 
amount payable. Much of the expansion in 
benefits has been the result of liberal in- 
terpretation of the law by administrators 
and the courts in favor of the employee. 


A new concept in the method of com- 
puting a weekly compensation benefit has 
been accepted by the 1959 legislature in 
Connecticut. Under enacted law amend- 
ments to the Connecticut Workmen’s Com- 
pensation Act, it is newly provided that the 
maximum weekly compensation benefits shall 
be 55%, raised to the next even dollar, of 
the average production wage in the state 


National Association of Mutual Casualty Com- 
panies. 


for the year in which the injury occurred. 
The average production wage in the state 
shall be determined by the State Labor 
Commissioner, on or before the 15th day 
of August in each year, as of the year end- 
ing the previous June 30 to be effective the 
following Oct. 1, and shall be determined in 
accordance with the standards for the deter- 
mination of average production wages estab- 
lished by the United States Department of 
Labor, Bureau of Labor Statistics. Under 
this concept for the establishment of benefit 
levels in workmen’s compensation, it will no 
longer be necessary to seek law amend- 
ments from the legislature, since they will 
be automatically determined, annually, in 
accordance with the formula or method 
provided. Aside from the many underwriting 
problems which must be faced by the in- 
surance industry to meet the practical ap- 
plication of this new concept in_ benefit 
levels, industry, and particularly employer 
groups, have lost a major bargaining agent 
for use in negotiations with labor in the 
establishment of future benefit levels. 

The balance of the legislative proposals 
thus far enacted affect claims practices, 
hearings and appeals, the division and pay- 
ment of medical and legal fees, the rights 
and remedies in third party actions, and 
the administration of the various workmen's 
compensation acts. 


An area or means which appears to be 
gaining momentum in the field of workmen’s 
compensation is the use by labor and in- 
dustry of the conference, or “agreed bill,” 
method of amending the various acts. States 
which made use of the conference method 
during the 1959 legislative sessions are 
Illinois, California, Missouri, New Mexico, 
Indiana, Idaho, lowa, New Hampshire, and 
Tennessee. 
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I:fforts to establish monopolistic or com- 
petitive state funds for workmen’s compen- 
sation were seen in Illinois, Massachusetts, 
Michigan, New Jersey, and Rhode Island. 
The Illinois competitive bill and the Rhode 
Island monopolistic state fund legislation 
were successfully defeated. Little chance is 
given this legislation in the other three states. 

There has been considerable agitation dur- 
ing the 1959 sessions to expand the use 
of existing second injury funds and _ to 
provide for higher benefits payable from 
such funds. New Mexico, which presently 
has no second injury fund, introduced a 
broad type of fund with a 3% assessment 
to finance its operations. This bill was 
defeated by means of a Governor’s veto. 
To date, legislation has been enacted in 
California, Florida, and Connecticut to ex- 
tend the use of their respective second in- 
jury funds. There has been a growing trend 
in recent years to broaden the use of second 
injury funds for purposes not necessarily 
inherent to the principles of workmen’s 
compensation. Examples of such extraneous 
purposes are its use as an insolvency fund 
and the payment of compensation for non- 
occupationally incurred disability. Michigan 
and New Jersey still have legislation pend- 
ing which advocates the broadening of uses 
of respective second injury fund laws. 

Some 20 states have enacted legislation 
to create atomic energy agencies to regulate 
and control the use of atomic energy and 
radioactive materials for public safety. Most 


of these enabling acts also include special 


provisions calling for the investigation and 
study of workmen’s compensation laws and 
compensation payments as they relate to the 
hazardous working conditions associated 
with the manufacture, storage, and use of 
atomic energy. Ten states have enacted 
legislation to create or improve the existing 
provisions under their workmen’s compen- 
sation acts for coverage of radiation in- 
juries and disability to employees. The 
American Mutual Insurance Alliance has 
been particularly instrumental in educating 
and aiding employer groups to activate legis- 
lative programs to improve the various state 
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workmen’s compensation acts to adequately 
cover radiation injuries and disability. Mas- 
sachusetts, New Hampshire, and Pennsyl- 
vania, whose legislatures are still in session, 
are considering legislative amendments to 
improve their respective compensation laws 
in this respect. 

Legislative activity in the field of occupa- 
tional deafness has not developed as ex- 
pected. However, Missouri has added 
several new detailed provisions to its work- 
men’s compensation act to cover the deter- 
mination and compensability of claims for 
loss of hearing due to industrial noise. 
Occupational deafness is established as a 
separate occupational disease with a separate 
statute of limitations, time for filing claims, 
specific factors for determination of hearing 
loss claims, and special provisions with 
respect to the measurement of hearing loss. 
Of particular significance, and unprece- 
dented in legislative history, is the inclusion 
of a formula under the Missouri statutory 
provisions for determining the percentage 
of disability due to loss of hearing from 
industrial Confronted with an ad- 
ministrative ruling and, of more recent 
origin, an appeal’s court decision to make 
loss of hearing compensable as an occupa- 


noise. 


tional disease, the insurance industry as- 
sisted the preparation of the occupational 
deafness provisions found under the newly 
enacted law in Missouri. It can be expected 
that the compensability for occupational 
deafness will become an_ ever-increasing 
legislative problem in the various state legis- 
latures. Industry, and particularly employer 
groups, have been react to the 
seriousness of the loss of hearing situation. 


slow to 


There is a definite need for aggressive 
legislative programs to cover the compen- 
sability of loss of hearing and to adequately 
protect industry against the staggering ac- 
crued liability involved. 


Federal Activity 


The Subcommittee on Research and De- 
velopment, of the Joint Committee on 
Atomic Energy, which held public hearings 
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on atomic energy and radiation disability as 
it relates to the field of workmen’s com- 
pensation last March, has not to date made 
its official report. At this time, it appears 
that there will be no recommendations made 
in the Committee report for a Federal 
workmen’s compensation program. There 
are rumors, however, that labor plans to 
introduce legislation in Congress to provide 
for a Federal workmen’s compensation pro- 
gram. The Federal situation bears continual 
watching. 

There exists today a definite threat, and 
one which can be expected to continue for 
the years ahead, of possible intervention 
into the field of workmen’s compensation 
by the Federal Government. Federal ac- 
tivity in the field of workmen’s compensa- 
tion will become extremely serious if the 
insurance industry and industry generally 
do not take immediate steps to amend the 


individual state workmen’s compensation 


laws to provide adequate coverage and time 
for filing claims for radiation injuries and 
disability. 


Hetzler 


At this session of Congress, the Atomic 
nergy Commission has had a bill intro- 
duced to clarify state activities and _ re- 
sponsibility and their relationship with the 
Federal government in areas of atomic en- 
ergy. The activity thus far in Congress in 
these related areas has served only to create 
an unsettled situation within the Committee. 
For this reason, it is reported the Commit- 
tee plans to release a summary report later 
this year. The report is expected to point 
up the workmen’s compensation, health and 
safety, and Federal-State issues. It is be- 
lieved that it will contain no firm recom- 
mendations for legislation at this time but 
will serve to present the facts of the some- 
what confused situation that now exists in 
this field. Once the jurisdiction and status 
in this area have been presented and 
clarified, it may be safe to assume that some 
concrete action or recommendations will 
then be made. Federal action with reference 
to such recommendations could conceivably 
come at the next session of Congress. 


60 E. 42nd St. (17) 
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The Handling of Claims for Workmen’s Compensation 


JAMES L. HILL, Detroit 


It was intended that the workmen’s com- 
pensation system would provide a prompt, 
single, and inexpensive method for the han- 
dling of the claims of employees injured as 
a result of on-the-job accidents. At the in- 
ception of workmen’s compensation, it was 
believed that the law would operate auto- 
matically with little, if any, litigation. The 
responsibility for administering the program 
was placed in the hands of the employers 
and insurance carriers. In theory, the work 
of the administrative tribunal was limited 
to supervision and to the adjudication of 
what was expected would be only a very 
small percentage of the claims. 

In the early years, the Courts, in con- 
struing the word “accident,” held that it 
meant an unexpected cause, such as a slip, 
fall, collision, or other similar episode and 
did not include the unexpected result from 
doing regular work. It was the cause and 
not the result which was viewed as the 
accident. With the unusual cause test, it was 
relatively simple for the employer or carrier 
to determine whether or not an employee 
sustained a compensable injury. If you be- 
lieved the employee when he said that he 
slipped while performing his work and if 
the doctor opined that the slip caused the 
injury, then you accepted it as compensable. 
It was as simple as that. So the law in effect 
was self-operating in most of the cases. 

However, with the passage of time, a law 
that was simple and easily understood be- 
came increasingly complex and intricate as 
the result of frequent and haphazard amend- 
ments and a mass of Court decisions inter- 
preting the amendments. Then, in recent 
years, the Courts in many jurisdictions, 
without the benefit of legislative enactment 


Workmen's Compensation Section, Ford Motor 
Company 
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but under the guise of judicial interpreta- 
tion, have made some rather drastic changes 
in the compensation laws. There was a 
gradual departure from the original accident 
concept in rulings that an injury was com- 
pensable when it was caused by unusual 
strain or unusual exertion. In other words, 
unusual strain or unusual exertion was con- 
sidered an accident. This was followed by 
an increasing tendency to interpret the 
heaviest part of regular work as constitut- 
ing the unusual strain or exertion. Today, 
in many jurisdictions, an accident includes 
both an unexpected cause and an unexpected 
result, although the work being done is 
usual and ordinary. If the performance of 
usual work causes an injury, then it is 
compensable. Even if the work aggravates a 
preexisting condition, the resulting disa- 
bility is considered compensable. The re- 
moval of the unexpected cause test makes 
the basic problem of determining whether 
an employee sustained an accident one of 
medical causation. The accident-causal rela- 
tion concepts are now so commingled that 
it is almost impossible to separate them. In 
many cases, whether an employee sustained 
an accidental injury will be primarily a 
medical question to be resolved by medical 
opinion. 


The coverage formula “arising out of and 
in the course of the employment” has been 
expanded by judicial interpretation. The 
“arising out of” portion was generally con- 
strued to refer to the causal origin and the 
“in the course of” portion to the time, place, 
and circumstances of the accident in relation 
to the employment. They were usually held 
to be separate tests which had to be 
independently satisfied. Now, in many juris- 
dictions, they are merged in a single con- 
cept of work connection. Under this test, 
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an injury is compensable if it would not 
have happened but for the fact that the 
conditions and obligations of the employ- 
ment placed the employee in the position 
where he was injured. This broad test brings 
within the coverage of the workmen’s com- 
pensation law injuries occurring on the 
employer’s premises, including the parking 
lot, while going to or from work or during 
lunch period or coffee break ; injuries occur- 
ring from horseplay, even though the em- 
ployee is a participant; injuries from an 
assault, even though the injured employee 
is the aggressor, and injuries from recre- 
ational and other personal activities. Un- 
doubtedly, expansion in coverage is an 
inevitable part of the workmen’s compensa- 
tion system. However, the danger is that 
expansion may ultimately destroy the sys- 
tem. 


To help maintain the system, employers 
and insurance carriers must make the law 
as self-operating as it is possible. To accom- 
plish that objective, we must eliminate as 
much as possible the legalistic approach to 
workmen’s compensation. In this effort, we 
must have the cooperation of the unions. 
The unions must understand that it is 
company policy to operate the workmen’s 
compensation program on an employer-em- 
ployee basis and that such a policy is for 
the benefit of their membership. The unions 
must be encouraged to give the company a 
chance to pay the claim before referring the 
employee to an attorney. 


In general, we must try to limit adversary 
proceedings to those cases which involve a 
question of law, a seriously disputed ques- 
tion of fact, and the so-called “trumped- 
up” claims. The cases of permanent partial 
disability resulting from compensable in- 
juries should be adjusted at the plant level 
and processed on an informal basis wher- 
ever the administrative procedure permits. 
That is one area in which we can avoid 
unnecessary litigation. I believe the plant 
compensation-claim man should appear be- 
fore the hearing officer in the relatively 
simple cases where that is permitted, 
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whether the employee is represented by 
counsel or not. I think he should confer 
with the employee's attorney after a formal 
claim is filed in an effort to effect an amica- 
ble adjustment. To the extent that it is 
feasible, we should make every effort to 
dispose of the claim on an employer-em- 
ployee basis before referring it to counsel. 
We should recognize that the first pay- 
ment of compensation must be made prompt- 
ly before the employee gets impatient and 
hires a lawyer. The speed with which the 
accident investigation is performed is im- 
portant. The injured employee wants some- 
thing done immediately and has a right to 
expect something to be done immediately. 
Therefore, the investigative work should be 
done as rapidly as possible. Whenever possi- 
ble, man should 
make an on-the-job investigation. It should 
be made before interviewing the injured 


the compensation-claim 


employee so the claim man can have a clear 
picture of the employee’s work and the 
physical surroundings. With that informa- 
tion, he can intelligently question the injured 
employee. The investigation should be con- 
ducted for the purpose of getting all the 
facts in order to determine whether to pay 
or deny the claim and not for the purpose 
of finding some basis for denying the claim. 

Some people are naturally curious. Others 
are not. To do a satisfactory job, the in- 
vestigator must be a curious person. Other 
things being equal, curiosity makes the dif- 
ference between just a fair and an excellent 
investigator. Of course, he must know what 
he is looking for when he makes the in- 
vestigation. He must know the difference 
between a fact and a conclusion and base his 
decision on facts. Statements such as “He 
did not have an accident” or “He did not re- 
ceive an injury” are conclusions, not facts, 
and obviously worthless. If conclusions 
rather than facts are the basis for the denial 
of a claim, the company will invariably 
find itself in an untenable position when the 
facts are later produced at a hearing. 


Generally, a question-and-answer state- 
ment is preferred to a narrative statement. 
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If you want the truth, don’t take a state- 
ment in the presence of an executive or even 
in his office, because the person giving the 
statement may feel that he is under pres- 
sure to tell what he thinks may benefit the 
company. The facts should not be slanted in 
favor of the company in any situation. The 
claim man should make it evident to the 
employees, the foremen, safety men, and 
the medical personnel that he wants all the 
facts and does not want any of them slanted 
in favor of the company. 

To express an opinion on causal relation, 
the plant physician must not rely only on 
the history given by the employee but should 
have all the facts developed by the investi- 
gation, including the specific type of work 
which the employee was performing and the 
conditions under which it was being per- 
formed when the symptoms appeared. The 
physician should not be expected to give 
an opinion on causal relation before he has 
had an opportunity to evaluate all physical 
and medical facts. He should be allowed to 
treat the employee and to hospitalize him 
if necessary to properly evaluate the case. 
He should continue the treatment until it has 
been determined that the disability is non- 
compensable. 

If the claim is denied, the employee should 
be told the reasons for the denial and ad- 
vised of his rights under the compensation 
law. By all means, do not deny a just claim. 
The denial of a just claim breeds distrust 
in the mind of the employee and in the 
mind of his fellow employees and may 
stimulate the filing of unjust claims. 

Much unnecessary litigation in the area 
of permanent partial disability can be elimi- 
nated if the plant physician knows and con- 
siders the methods the administrative agency 
or its medical advisors use in evaluating the 
type of injury involved. When the extent of 
permanent partial disability is the only prob- 
lem, the plant physician should evaluate the 
claim for compensation purposes in line 
with the administrative policy so the claim 


50/214 


can be handled on an employer-employee 
basis without litigation. 

The plant physician has a vital role in 
the operation of the workmen’s compensa- 
tion system. To be effective in his work, he 
must have the complete confidence of both 
management and employees. To merit this 
confidence, he must maintain the patient- 
physician relationship with the employees 
and must render decisions based on medical 
considerations alone. The employees must 
be satisfied that the patient-physician rela- 
tionship exists in fact. The compensation- 
claim man must this confidential 
relationship, even though it may present 
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some problem in the handling of a particular 
claim. This does not mean that the plant 
physician should refuse to discuss the medi- 
cal aspects of the case with the compensa- 
tion-claim man. On the contrary, it is his 
duty to not only discuss the medical prob- 
lems with the claim man but also give his 
reasons for his medical judgment. In fact, 
they should understand each other’s prob- 
lems and work closely together as a team to 
solve them. 

We believe that medical control by the 
company is for the best interest of the em- 
ployees and the company. To maintain that 
control, the patient-physician relationship 
must be preserved. We would rather treat 
a questionable case and even pay compensa- 
tion for temporary total disability than lose 
medical control for the simple reason that 
the sooner we are able to return the em- 
ployee to work, the less it will cost in the 
long run. 

There is no place in the plant medical 
department for the physician who keeps 
one eye on the employee and the other eye 
on the compensation law, thinking he is 
saving the company money. Neither is there 
any place for the physician who will per- 
mit management to influence his medical 
judgment. The plant physician must render 
medical judgments that are fully consonant 
with the best interest of the employees. In 
this connection, I quote from our Com- 
pany’s Medical Guide: “Ford Motor Com- 
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pany does not want biased judgment or 
opinions which might be used to further the 
Company’s interests at the expense of the 
employee.” 

In my opinion, the workmen’s compensa- 
tion program can be maintained on an in- 


formal employer-employee relationship only 
to the extent that the compensation personnel 
and the medical personnel work as a team 
in the best interest of the employees. 


Ford Motor Company, 2180 Penobscot Building 
(26). 
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Legal Developments Concerning Loss of Hearing from 


Noise in Industry 


ANDREW KALMYKOW, New York 


A great deal has been said in recent years 
about the noise problem. The acoustical im- 
pact of this question has thus by no means 
been limited to sounds of industrial origin. 
However, the subject is important, and there 
have been some important recent develop- 
ments which deserve further attention. 

First, however, it may be somewhat help- 
ful to review the recent background of this 
problem to obtain a better understanding 
of the effect of some of these developments. 

Many look on the noise problem today 
as being of recent origin. Certainly, wide 
interest on the part of industry has not 
been manifested until recent years. Yet, 
a record of the possible effect of noise on 
hearing is said to have been made over 100 
years ago. This dealt with loss of hearing 
among blacksmiths. Medical literature on 
the subject dated in the 1880's and 1890's 
is also to be found. Railroad whistles were 
then a cause for concern. Times certainly 
have changed. Causal connection between 
noise and hearing is recognized even in 
common speech. We have all heard the 
phrase “the noise is deafening.” What then 
has caused the concern which has been so 
widely manifested ? 

The answer is to be found largely in some 
now well-known Court decisions, the first in 
New York, the other in Wisconsin.! These 
held that an employee was entitled to sub- 
stantial sums as compensation for partial 
loss of hearing due to noise in employment 
as a scheduled permanent partial disability, 
even though he continued at work without 
loss of wage. At the time the first decision 
was handed down, it did not arouse too 
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much interest. Before long, however, it was 
realized that a great many people had im- 
perfect hearing. One study indicates that 
25% of applicants for industrial jobs had 
a hearing loss,? much of it, of course, un- 
related to employment. It also became known 
that many employments had noise levels of 
such a degree that it could be claimed, right- 
ly or wrongly, that they contributed to such 
hearing loss. This exposure had occurred 
over many years during which the existence 
of such liability was not recognized and dur- 
ing which no financial provision was made 
to meet it. The economic impact of such 
a potential liability may easily be appreci- 
ated. 

To avoid serious dislocation in noisy in- 
dustries, it became imperative that some 
method be devised which would be fair to 
the employee and at the same time permit 
industry to absorb this liability gradually. It 
must be recognized that these decisions were 
based on provisions of workmen’s compen- 
sation laws which had been drafted to apply 
to traumatic injuries, not occupational loss 
of hearing due to noise. At the time of their 
enactment the legislators were completely 
unaware of this problem. In trying to find 
a solution it was soon evident that there 
were serious gaps in our knowledge, both 
in the fields of medicine and physics, as to 
the effect of noise on hearing. This paper 
is intended to cover briefly the efforts to find 
such solution with particular emphasis on 
current developments. 

In Wisconsin, while the second of these 
cases was pending on appeal after a decision 
adverse to the claimant in the intermediate 
Appellate Court, legislation was formulated * 
based on agreement of interested parties 
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requiring wage loss and limiting recovery to 
$3,500. This was intended as a temporary 
expedient patterned somewhat after the 
Wisconsin provisions relating to nondisa- 
bling silicosis. Subsequently, you will recall, 
the existing law was adopted, which in- 
corporates the recommendations of the 
Advisory Committee of the Industrial Com- 
mission.* 

This enactment was based on tne accept- 
ance of the principle that no compensation 
should be payable while the employee con- 
tinued in his noisy employment unless he 
suffered a wage loss because of transfer by 
his employer to other noisy employment. It 
is, of course, this feature of the problem 
which is particularly troublesome. In the 
absence of a special provision such as this 
a claimant, under the court decision, could 
have collected relatively large sums as com- 
pensation while continuing at his regular 
work at full wage. In all other cases, no 
claim for compensation could be filed until 
six consecutive months’ removal from noisy 
employment. This was the other most im- 
portant provision of this enactment. 

Secause of a special provision of the Wis- 

consin law, the term “time of injury” was 
also redefined to make reference to the (1) 
transfer to non-noisy work, (2) retirement, 
(3) termination of employment of (4) lay- 
off for a year.* About the same time, 
the Industrial Commission issued regula- 
tions, after consulting with medical advisors, 
for computing hearing loss and relating it 
to compensation payments. This aspect of 
the question is also, of course, of consider- 
able importance. 

In New York, where the first case was 
decided, there was no legislation until last 
year. However, not long after the first de- 
cision the argument was presented that the 
permanency of hearing loss could not be 
determined until there was removal from 
exposure to noise for a sufficient period of 
time. It was recognized that there was re- 
covery from hearing loss after the cessation 

* This year compensation for total deafness of 


both ears was raised from 180 weeks to 216 
weeks, Chapter 280, Laws of 1959, Wisconsin. 
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of exposure. The Workmen’s Compensation 
Board upheld this contention and placed 
these claims in abeyance until the degree 
of permanent loss of hearing could be estab- 
lished. It also appointed a Committee of 
Expert Consultants which rendered an ex- 
tensive report.5 On this specific question, 
pending further study, it recommended re- 
moval from exposure to noise for at least 
a period of six months. It also recommended 
that the ability to understand speech should 
be the basis for compensation awards in 
cases of occupational deafness. 


As a result of this ruling, no compensa- 
tion was payable while the claimant kept on 
working in noisy employment. Since persons 
did not wish to leave their jobs to be able 
to collect this compensation, gradual emer- 
gence of claims was achieved and the im- 
position of a sudden crushing burden on 
industry was avoided. 

However, it was apparent that this ruling 
could be modified either by a reversal of the 
rule by the Board itself or possibly by the 
Courts. Thus a precarious situation existed. 
At the same time, in view of the existing 
Court decisions, it was difficult to obtain 
agreement on legislation, even though this 
was the subject of deliberation by a joint 
committee of labor and industry which met 
under the sponsorship of the Joint Legisla- 
tive Committee on Labor and Industrial 
Relations. Eventually however, agreement 
was accomplished and the existing law en- 
acted.® Although it was briefly mentioned 
at the meeting last year, it deserves more 
extended treatment. Experience under this 
law is also enlightening. 

The law contains two major features. 
One is acceptance of the principle that there 
must be a six-month separation from the 
last employment in which there was at any 
time exposure to noise before compensation 
is payable. The last day of such period of 
separation is specified to be the date of 
disablement. This, of course, is the most 
important accomplishment of that Act. 


The second is a provision for contribu- 
tions from prior employers in the event a 
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subsequent employer gives them notice that 
a preemployment examination showed one 
of their former employees to have a hear- 
ing loss; in the case of a subsequent award, 
request for a contribution may be made. No 
liability, however, attaches to a prior em- 
ployer if the last exposure to noise in his 
employment occurred more than three years 
prior to the date of mailing such notice. 
Time limitations otherwise applicable to 
claims, namely, two years after disablement 
in case of occupational disease and the re- 
quirement that the disease must be con- 
tracted within 12 months of disablement, are 
still applicable. It has been indicated that 
the intent of this provision is to prevent 
claims against prior employers which are 
barred by these provisions at the time of 
the preplacement examination. 

The contribution provision is the one 
which has caused considerable discussion 
and some uncertainty. Since the employee 
must be sent a copy of such notice, it con- 
stitutes an invitation for the eventual filing 
of the claim. At the same time it creates 
a stigma with respect to that particular em- 
ployee as one having hearing impairment. 
Labor has been very disturbed by this prac- 
tice, since such a label has presented, it 
claims, a serious handicap to obtaining em- 
ployment. It is not clear, moreover, what 
degree of hearing loss is necessary to re- 
quire such notice and what audiometric 
examinations must be made to support it. 
It is probable that some clarification of some 
of these provisions will have to be made. 
as to con- 
administer. 


It is evident that provisions 
tributions troublesome to 
Possibly the simplest and fairest way would 
be to hold the last employer in whose em- 
ployment there was harmful exposure solely 
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liable. This would eliminate a serious area 
of controversy. While an employer may 
have to pay more compensation in some 
cases, he would be relieved of lability in 
others. It is burdensome to be charged for 
a contribution many years after an employee 
leaves an employment, when records have 
been destroyed and knowledge of exposure 
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is unavailable. One can readily appreciate 
the desire for avoiding liability for loss 
caused by prior employment. | wonder, how- 
ever, if the means of avoiding such liability 
may not turn out to be more costly. While 
no claims for contribution have yet been 
made in New York, the limited experience 
under the law seems to point in that di- 
rection. 

This enactment did not attempt to deal 
specifically with the many additional prob- 
lems which had to be resolved. Instead it 
authorized the Workmen’s Compensation 
Board to adopt reasonable rules prescribing 
damage-risk criteria and determination of 
occupational loss of hearing. These are to be 
established after receiving recommendations 


from a committee or committees of expert 


consultants. These in turn must confer with 
representatives of the Board and_ with 
representatives of employers and employees. 
Such a committee has been appointed and 
held a hearing, Nov. 10, 1959. This hearing 
covered the following questions : 

1. Industrial noise levels which may cause 
occupational loss of hearing 

2. Irequencies to be used in measuring 
industrial hearing loss 

3. The level below which there is no 
hearing disability and the level above which 
the inability to hear shall be deemed total 

4. The monaural or binaural 
method of computing the percentage loss 
of hearing 


use of a 


5. Proper deductions for presbycusis and 
other nonindustrial causes for hearing im- 
pairment 

6. The number of examinations needed to 
evaluate industrial hearing loss and_ the 
fairest method of determining the loss from 
the results of successive examinations 

7. Other subjects deemed pertinent to 
establishing the most reliable and acceptable 
damage risk criteria and standards for the 
measurement and determination of occupa- 
tional loss of hearing 

8. Respects in which the Committee's 
1953 report was not clear or has proved to 
be unsatisfactory 
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Further developments in New York will 
depend to a considerable extent on the na- 
ture of the recommendations made by this 
Committee. 


It is interesting in this connection to 
examine the provisions of the most recent 
enactment in this field, the Missouri loss-of- 
hearing amendment enacted this year.* This 
again was the result of recommendations 
made by an Advisory Committee on which 
labor and industry were represented. This 
seems to be a good method of achieving 
reasonable legislation. Incidentally, the situa- 
tion in that similar to that in 
Wisconsin, a lower court de- 
cision holding that loss of hearing was not 
compensable as an occupational disease. The 
Advisory Committee gave consideration to 
this subject while the case was being trans- 
ferred to the Supreme Court. Subsequently 
that Court held loss of hearing to be com- 


state was 


There was 


pensable.* However, the legislature very 


soundly based the enactment on the original 
recommendations. These deserve particular 
attention. 

l‘irst we find that here again the six- 
month waiting period has been recognized. 
No claim for compensation for occupational 
deafness may be filed until after six months’ 
separation from the type of noisy work for 
the last employer in whose employment the 
employee was at any time during such em- 
ployment exposed to harmful noise. The last 
day of such period of separation is the date 
of disability. It may be noted that in New 
York this period runs from the last day of 
work, while in Missouri it runs from the 
time of separation from noisy work. 

Loss of hearing due to industrial noise 
for compensation purposes is limited to the 
frequencies of 500, 1,000 and 2,000 eps. 
These are generally recognized as the speech 
frequencies and conform to the recommen- 
dations of the Subcommittee on Noise of 
the American Academy of Ophthalmology 
and Otolaryngology. This Subcommittee 
recommends that hearing impairment should 
be evaluated in terms of ability to hear 
everyday speech under everyday conditions 


Kalmykow 


and that this should be estimated with a 
pure-tone audiometer at these frequencies. 

The Missouri law further provides that 
if the loss of hearing averages 15 db. or 
less in these three frequencies, such loss 
does not constitute compensable hearing 
disability. This is what is frequently refer- 
red to as the “low fence.” The American 
Medical Association has indicated, “it is 
generally accepted that a hearing loss of 15 
decibels for pure tones may be within the 
limits of normal variability.” '° Instead of 
saying that the first 15 db. of loss are not 
compensable, it might be more accurate to 
say that there is no loss until after a level 
of more than 15 db. has been reached. 

Some have argued that a low fence at 
15 db. is unrealistic and should be placed 
at a higher figure.! Authorities have said 
that losses of 20 db. or less create no diffi- 
culty in understanding speech and that a 
handicap becomes evident only after 30 db. 
is reached. Only when loss exceeds 40 db. 
does the subject need help or suffer serious 
inefficiency.’* 

The Missouri law further provides that, 
if the losses of hearing average 82 db. or 
more in the three frequencies, the same 
shall constitute total, or 100% compensable, 
hearing loss. That is the high fence, above 
which hearing is ineffective for communica- 
tion purposes. Compensation for total deaf- 
ness in one ear is payable for 17 weeks and 
total deafness of both ears for 100 weeks. 

In measuring hearing impairment the 
lowest measured loss in each of the three 
frequencies is added together and divided 
by three to determine the average decibel 
loss. For every decibel of loss exceeding 
15 db. an allowance of 1.5% is made up to 
the maximum of 100%, which is reached 
at 82 db. It is, of course, necessary to meas- 
ure hearing loss between the range of the 
high and low fences. 

Obviously hearing impairment in one ear 
does not constitute as great a handicap as 
loss of hearing in both ears. Both the Ameri- 
can Medical Association? and the Sub- 
committee on Noise of the American 
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Academy of Ophthalmology and Otolaryn- 
gology * have recommended that this fact 
be recognized in computing hearing loss. 
This is usually done by giving added weight 
to the loss in the better ear in computing 
binaural loss. The A.M.A. formula !* uses 
a ratio of 7 to 1. Under the Missouri law 
the proportion recommended by the Sub- 
committee on Noise is used. It is provided 
that, in determining binaural percentage of 
loss, the percentage of impairment in the 
better ear be multiplied by five. The re- 
sulting figure is added to the percentage 
in the poorer ear and the sum of the two 
divided by six. The final percentage repre- 
sents the binaural hearing impairment. 
There is also the important factor of pres- 
bycusis, loss of hearing due to age. It is 
well established that hearing acuity becomes 
impaired with advancing years.’* Yet the 
so-called normal hearing range has been 
established on the basis of tests conducted 
on young people.'® It would seem that differ- 
ent levels for normal hearing should be 
established for different age groups. How- 
ever, it appears that as yet sufficiently 
definite data to establish this are not yet 
available, although some work has been 
done. In any event it would not seem proper 
to charge industry for loss attributable to 
age or for that matter other nonindustrial 
causes. In Missouri this has been recognized 
by providing that there shall be deducted 
from the total average decibel loss, 4% db. 
for each year of the employee's age over 40 
at the time of last exposure to industrial 
noise. | understand that this deduction is 
based on calculations from tables originally 
found in the Report of the Exploratory 
Subcommittee Z24-X-2 of the American 
Standards Association,'! which showed an 
average loss of 13 db. at age 65. The de- 
duction might preferably have been ex- 
pressed as an addition to the low fence of 
15 db. This would in effect have established 
a normal level of hearing varying with age. 


In Missouri the last employer is liable 
for the entire occupational deafness to which 
the employment has contributed. However, 


56/220 


if previous deafness is established by com- 
petent evidence, the employer is not liable 
for previous loss so established. He also 
is not liable for any loss for which com- 
pensation has been previously paid or 
awarded. This avoids the complications of 
the New York apportionment provisions but 
encourages the making of claims against 
the former employer possibly many years 
after exposure when facts are difficult to 
determine. 

In addition, it may be noted that the 
occupational disease provisions in Missouri 
are separately elective. In making such 
election the employer may exclude coverage 
of loss of hearing due to noise from the 
scope of such election. 

No consideration is given in Missouri to 
the question of whether or not the ability 
of an employee to understand speech is im- 
proved by the use of a hearing aid. Indica- 
tions are that such hearing aids are of 
limited value for persons with inner ear 
type of hearing loss. 

This law as the most recent enactment 
based on the most recent information avail- 
able deserves careful study by all persons 
interested in this general subject. It should 
be of particular value to those who are 
contemplating legislation in this field. 

I] have already mentioned the “Guide for 
the Evaluation of Hearing Impairment” 
prepared by the Subcommittee on Noise of 
the American Academy of Ophthalmology 
and Otolaryngology. This was an important 
development during the past year. These 
recommendations to a large extent were in- 
corporated into the Missouri law. I will, 
therefore, not discuss it here in detail. How- 
ever, it is to be noted that the Guide is 
presented “for the evaluation of hearing im- 
pairment regardless of the cause or causes 
of such impairment.” Thus it is evident that 
it cannot be applied automatically to deter- 
mine the amount of compensation payable 
in industrial loss of hearing claims. There 
are many nonindustrial causes of loss of 
hearing: infectious diseases; toxic agents; 
drugs, such as streptomycin, and, of course, 
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age. It is probably with respect to the latter 
that adjustment in its application might be 
necessary. However, the committee did not 
feel it had sufficient data to make specific 
recommendations regarding a correction for 
shift in the hearing threshold due to age. 
These, I believe, are the more important 
recent legal developments in this _ field. 
Sometimes one hears remarks that the noise 
problem has been exaggerated. The failure 
of claims to emerge in the volume indicated 
is stressed. | do not consider this to be a 
true analysis of the situation. Rather it is 
an indication of the effectiveness of the 
measures taken to prevent the problem from 
getting out of hand. Some could certainly 
question the contention that claims have 
been few. On the whole, the fact that a criti- 
cal situation has not yet arisen is a tribute 
to the reasonable attitude shown on the part 
of both labor and industry in those states 
where the problem has been most acute. 
Such an attitude in other jurisdictions, 
coupled with a program for the ever-im- 
portant preventive measures, would remove 
the cause for concern in other states as well. 
It is essential, however, that the problem 


be recognized, the issue faced, and proper 
steps taken to find a solution. 
60 John St. (38). 
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Summary of Impairment Rating vs. 


Evaluation 


O. A. SANDER, M.D., Milwaukee 


There always has been much confusion 
in the minds of physicians as to what is 
their proper role in evaluation of disability. 
All too often we still are asked to think 
of impairment in terms of dollars and cents. 
The American Medical Association Commit- 
tee on Medical Rating of Physical Impair- 
ment is trying to clarify some of this 
contusion with its series of guides to the 
evaluation of permanent impairment of the 
various body systems. 

The first guide on extremities and the 
back was published last year, and almost 
200,000 reprints have been sent out. The 
second guide on impairment of vision has 
been almost as well received. The guide on 
the cardiovascular system is ready for pub- 
lication, and the pulmonary guide will come 
out some time next year. Committees have 
been set up for the mental illness and nose 
and throat guides. 

All of the guides have a uniform preface 
which defines the scope of the physician’s 
responsibility in the evaluation of perma- 
nent disability. 

Permanent impairment rating is a purely 
medical responsibility. Permanent impair- 
ment is defined as that anatomic or function- 
al abnormality or loss which cannot be 
expected to diminish with further treatment 
or time. It is always a basic consideration in 
the evaluation of permanent disability, but 
it is not the sole determinant of such disa- 
bility. The physician must appraise the 
nature and extent of the patient’s illness or 
injury and the degree to which it interferes 
with function. It requires medical examina- 

Associate Clinical Professor of Medicine, Mar- 
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tion plus accurate objective measurement of 
function. 

Permanent disability evaluation is an ad- 
ministrative responsibility. It is the appraisal 
of the patient’s present and probable future 
ability to engage in gainful activity as it is 
affected by the medical factor, “permanent 
impairment,” and by the nonmedical factors, 
such as age, sex, education, and economic 
and social environment. These nonmedical 
factors are difficult to measure. For this 
reason, “permanent impairment” is in fact 
the sole, or real, criterion of “permanent 
disability” far more often than is readily 
acknowledged. However, a determination of 
permanent disability is an administrative 
decision as to the patient’s entitlement. The 
interplay of medical and nonmedical factors 
relating to disability should be considered 
by an administrative body, including a com- 
petent physician. 

Examples will be given in this discussion 
to show that many measurable impairments 
never result in disability (or inability to 
carry on gainful employment). There also 
will be examples of grossly disabled workers 
who have no measurable impairment. Also, 
the disability alleged to accompany an im- 
pairment often is grossly exaggerated. [x- 
amples of this also will be given. 

All of the guides have been developed 
after careful study of the literature and the 
views of recognized authorities and will be 
reviewed periodically to insure their con- 
tinuing value as advances in medical knowl- 
edge and technique occur. 

Each guide contains recommended per- 
centage values related to the criteria pro- 
vided. The use of numerical values is 
preferred because of the difficulty in com- 
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IMPAIRMENT RATING—SUMMARY 


munication and variability in interpretation 
of such terms as “slight,” “marked,” and 
“moderate.” Such values provide a practical 
means of expressing and estimating the ex- 
tent of permanent impairment and encour- 
age accurate, equitable, and uniform 
evaluation. 


Methods of estimating impairment are 


uniform, explained in detail with examples, 
and require a minimum of computation. 
Tables also are included for multiple impair- 
ment rating. 


710 N. Plankinton Ave 
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The Epidemiologic 
Medicine 

HARRY E. TEBROCK, M.D., New York 
in an industrial 


population changes with time. Not only is 
the industrial population affected by the 


The nature of disease 


changing pattern of disease of the com- 
munity as a whole, but it also reflects the 
changes in the industrial environment, 
chemical, physical, social, and psychological. 
Study of such a changing pattern can never 
be complete. Laboratory and experimental 
animal investigation can be useful guides to 
the right direction, but we cannot argue 
from animal experimental results to effects 
upon man without assumptions. The answer 
to the behavior and response of man in an 
industrial environment can best be gotten 
by the application of epidemiological 
methods. 

Definitions of epidemiology range all over 
the map, from the simplest in the Oxford 
english Dictionary “that branch of medical 
science which treats of epidemics” to the 
more elaborate in the American Illustrated 
Medical Dictionary “the field of science 
dealing with the relationships of the various 
factors which determine the frequencies and 
distributions of an infectious process, a dis- 
ease, or a physiological state in a human 
community.” 

We choose to think of the science of 
epidemiology as being essentially the meth- 
odology of prevalence determination with- 
out reference to what is being measured. 
Epidemiology, therefore, is not a body of 
knowledge but a tool of science. Its history 
is long. Basic to man’s adjustment to the 
world around him, prevalence and associa- 
tion probably were the matrix from which 
emerged the primitive conceptual ideas of 
causality. Today, too many retain the 

Medical Director, Sylvania Electric Products 
Inc. 
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Method as Applied to Industrial 


historical pattern, neglecting the gains in ac- 
curacy which have been bestowed by statisti- 
cal mathematics. The latter enables one to 
establish the validity of data depending upon 
its variance; 1.e., the variability, number, 
and distribution of the measured observa- 
tions. 

Centuries before the discovery and charac- 
terization of agents of disease, man had 
developed knowledge of the relationships 
between external phenomena and _ effects 
upon human health. For example, recogni- 
tion of the infectious nature of some of the 
diseases of animals transmissible to man 
was ancient, the association of rats with 
bubonic plague is indicated in the cuneiform 
writings of Babylonia.’ A passage in Sus- 
ruta is interpreted as indicating that early 
Indian medicine was aware of the relation- 
ship between mosquitoes and malarial fever.? 
The Bible contains a number of accounts; 
in fact, many of the dietary laws suggest 
a background of epidemiologic knowledge. 
Aristotle, in the Fourth Century B.C., noted 
the association between the bites of rabid 
dogs and later development of madness in 
the bitten. Hippocrates in the Books of 
Epidemics linked environmental conditions 
with illnesses. He also wrote of specific 
diseases of miners and bearers of burdens. 

By the 16th century recognition of the 
association of certain types of work and the 
occurrence of disease had become well-de- 
fined. In this century, Agricola* described 
a disease of the lung with high mortality 
that occurred in the miners of the Erzge- 
birge in Saxony. We will mention this situa- 
tion later when we consider association as 
a basis for action. In the 17th century the 
progress of empirical science and epidemiol- 
ogy was such that Ramazzini* was able 
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to establish the relationship of work and 
disease, the agents responsible, the routes of 
absorption, the conditions of hazardous ex- 
posure, and the therapy. The 18th century 
saw a well-advanced art. Percival Pott, in 
1775, connected the incidence of scrotal can- 
cer in chimney sweeps with their exposure 
to soot. This association was well-established 
and served as a basis for action 150 years 
before the etiologic agent was defined. Cor- 
respondingly, the observations of Agricola 
in the 16th century effectively related the 
work and the disease in the Erzgebirge, 
though it was more than 200 years before 
the disease (lung cancer) was characterized 
and another 25 years before the probable 
etiological agent ( radioactivity) was discov- 
ered. Epidemiological studies can at times 
lead to an almost certain identification of 
an etiologic agent. For example, in our early 
studies of chronic berylliosis we examined 
the occurrence of the disease in a variety 
of industries in the United States and later 
carried the study to Europe, Middle Ameri- 
ca, and Japan. The industries examined in 
which chronic berylliosis occurred were the 
following: manufacturers of fluorescent 
powder, manufacturers of fluorescent lamps, 
research laboratories using beryllium oxide, 
recovery of beryllium from ores, manufac- 
turers of ceramics, founding of beryllium 
copper, silicon-beryllium crystal manuiac- 
ture, atomic energy equipment manufacture, 
fabrication of beryllium devices, x-ray tube 
windows, cathode coating, and others. Attack 
rates of the disease ranged widely but one 
common denominator was found to be pres- 
ent in each of the diverse occupations, 
namely, beryllium oxide. The past 12 years 
have seen many attempts to reproduce 
chronic berylliosis in experimental animals. 
None has been successful, though granulo- 
mata have been elicited in some animals. 
In this situation the laboratory failed to 
yield supportive evidence defining the etio- 
logical agent, but the evidence from the 
epidemiologic studies is most convincing. 
The 20th century has witnessed a_re- 
surgence of the concept of the epidemiology 
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of health. The notion that a state of health 
has measurable quantitative dimensions pro- 
vides the rationale for this newer epidemi- 
ology, a science of study of the measurable 
attributes of healthy men. Some of the data 
are conventional, such as hematological and 
biochemical determinations, height, weight, 
nutrition, muscle tone, performance tests, 
and other medical criteria are also needed. 
In addition, the epidemiology of health also 
embraces such factors as marriage, fertility, 
separation, divorce, delinquency, suicide, 
absenteeism and industrial productivity, 
housing, and the like. 

The philosophy of an epidemiology of 
health offers a useful approach to the prob- 
lems of old age and of the older worker 
in industry. In industry it is possible to find 
populations of varying ages and should pro- 
vide a unique area for the evaluation of the 
forces influencing the aging process. Two 
recent studies on the incidence of disease 
and disability in older men*® and on the 
contributions and demands of old men ® are 
good examples of the epidemiologic ap- 
proach and method of its application. 

It is interesting to observe how generally 
the epidemiologic approach is now being 
employed in industrial medicine. In the July 
issue of the British Journal of Occupational 
Medicine, three of the eight articles are of 
epidemiologic character. 

Certain elementary precautions need be 
observed to avoid the numerous pitfalls in 
the application of the epidemiologic method. 
When we compare the effects of the indus- 
trial environment upon groups engaged in 
different pursuits, we are rarely able to com- 
pare groups which differ only with respect 
to the occupational exposure and indeed 
often to other factors as well. At the outset 
of a study it is necessary to have knowl- 
edge of (or access to) statistical methods 
so that the study can be designed to obtain 
the maximum of validity with the minimum 
number of observations. Many a laborious 
investigation has gone for naught because 
of poor experimental design, inadequate 
sampling, or undue variance in data. Unless 
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the incidence of a definable condition or dis- 
ease is statistically different (usually in ex- 
cess) among workers engaged ina particular 
operation as compared with the general 
population, it is futile to pursue the search. 
It is important, moreover, to be certain that 
one is dealing with a well-defined agent. 
The kinds and magnitudes of the occupa- 
tional exposures should be defined accurate- 
ly, this being best done by environmental 
studies and careful analysis of the daily 
activities of the population under study. 
This evaluation of exposure may have over- 
riding influence when the attack rates for 
a condition are low. Systematic investiga- 
tion may be necessary; personnel records 
are at times worse than useless. Their func- 
tion being to provide payroll data, these 
records often give no information upon 
changes in exposure consequent upon an 
employee being “lent’’ or temporarily uti- 
lized in an area to which he was not origi- 
nally assigned. Such temporary transfer is 
usually to areas having a high current work 
load and often 
exposure. 


entails than usual 
For example, in one of our 
studies we were concerned about a relatively 
high attack rate in a machine operation which 
was considered safe. It took repeated inter- 
rogation of several foremen before we as- 
certained that during a slack period at the 
machines, several girls had been “lent” for 
periods of months to another foreman of 
a very dusty and, as we later learned, 


more 


hazardous occupation. The temporary girls 
were untrained and not briefed in the han- 
dling of the materials. Again, as Johnstone 
has shown, going to a different (and 
hazardous) area of a factory to eat lunch 
may result in repeated exposures sufficient 
to produce intoxication.* 

In setting up a study all influences upon 
the population other than a specific definable 
agent must be considered and insofar as 
practicable be dealt with. Among these are: 
nutrition, age, sex, race, habits (as smoking 
and drinking), cleanliness, customs, endemic 
factors such as intestinal parasites, stress 
and fatigue, and psychological factors. Since 
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the epidemiologic study will measure only 
association, it is of greatest importance to 
limit and control the factors involved. An 
interesting study by Mayers,’ in 1927, 
demonstrated the importance of selecting 
groups for comparison with due regard to 
likeness in age, sex, race, and life experi- 
ence. The study of arteriosclerosis was es- 
pecially interesting. It had long been held 
that exposure to lead produced arterio- 
sclerosis. Many have written emphatically of 
that relationship. Mayers, by the use of 
selected control and test groups, demon- 
strated that age and not lead exposure was 
the determining factor. 

Psychological factors must be appreciated. 
We live in an age of change if not one of 
great insecurity and the dissolution of long- 
established beliefs and social orders is 
associated with individual and group emo- 
tional reactions. These reactions and _atti- 
tudes may have a profound effect upon the 
employee’s response to in-plant situations 
and agents. A striking example of effect 
of attitude on the part of management and 
neurotic manifestation by employees is given 
by Greenwood.® Believed for years to be an 
organic defect in the central nervous system, 
telegraphist’s cramp was shown to be a 
purely functional neurosis and that as a 
group the victims of telegraphist’s cramp 
were psychologically differentiated and their 
illness was closely related to their efficiency 
ratings. Another example of the significance 
of the psychological background is given in 
a systematic study by Frazer.’° In and out- 
plant factors are considered as well as the 
relationship of neurosis to absenteeism. 

It must always be remembered that the 
method will demonstrate associations be- 
tween the items selected for study but does 
not establish cause and effect relationships, 
although a high probability of existence of 
an etiologic agent will be achieved at times 
and be a sufficient basis for institution of 
control measures. 


Requirements for inference of cause and 
basis of action will vary with disease and the 
body of previous knowledge and may be 
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elaborate and extensive or as simple as a 
blood smear for malaria or stippled cells. 
The following examples are given: 


1. For significant lead exposure it is suf- 
ficient to have reports of increases in ex- 
posed population of clinical or laboratory 
findings beyond predetermined thresholds of 
frequency or amount. The agent is known 
and the significant ranges in the body levels 
and excretions have been defined. In in- 
stances like this, the epidemiologic method 
becomes an instrument for the control of 
rather than the initial detection of disease. 

2. In other conditions much more detailed 
information must be obtained especially 
when the agent is unknown. In lung cancer, 
for example, attack rates, type of tumor, 
standardization by age, sex, previous life 
experience, intimacy and frequency of con- 
tact with the suspected agent all require 
evaluation before action is justified. 

3. An additional situation in which great 
difficulty may be encountered is the indus- 
trial disease in which the symptoms ac- 
companying the initial periods of exposure 
to a known agent are minimal or absent and 
in which the characteristic disease entity 
appears only after prolonged periods of ex- 
posure and after pathologic changes have 
become well-established, or perhaps after a 
variable latent period followed by progres- 
sive clinical disease. You will recognize the 
first category as covering silicosis, pulmo- 
nary disease from diatomaceous earth, and 
the late abnormalities of marrow function 
associated with exposure to benzol. In the 
second category berylliosis is an outstanding 
example, the latent period i.e., the interval 
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between last exposure and onset of disease 
being now as long as 16 years. 

We have offered here our comments on 
the application of epidemiologic methods, 
the pitfalls—how mistakes can be made, the 
methods which may be used, and the signifi- 
cance of results obtained. 

Each of you who is engaged in hygienic 
or medical care in industry has a real oppor- 
tunity to contribute materially by adequate 
study and analysis of the behavior of the 
working population under your observation. 


730 3d Ave. (17). 
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An Immunologic Approach to the Pneumoconioses 


PAUL GROSS, M.D., Pittsburgh 


It may, at first glance, appear far-fetched 
to claim that the various pneumoconioses 
have an immunologic basis. Nevertheless, 
when certain older clinical and experimental 
observations as well as the results of more 
recent experimental studies are taken into 
consideration, this concept becomes more 
attractive. It will be the purpose of this 
paper to align and discuss some of these 
observations in order to stimulate thought 
and more experimentation in this direction. 

Silicosis, since its recognition as a dis- 
tinctive disease, has been known to render 
its victim susceptible to tuberculosis. This 
association of tuberculosis with silicosis 
might have directed attention to the prob- 
ability of an immunological basis for the 
dust disease, but, unfortunately, until rela- 
tively recently the reason for the increased 
susceptibility to tuberculosis did not arouse 
much curiosity. Possibly this situation per- 
sisted because a silicotic lung, being a 
scarred lung, was assumed to have an in- 
creased susceptibility to an incipient tuber- 
culous infection just as a lung scarred by 
poison gas was considered excessively vul- 
nerable to this infection. However, in 1932, 
Kettle’ found that a factor other than the 
mere presence of a pulmonary eschar may 
be involved, demonstrated a 
selective localization of intravenously in- 
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jected tubercle bacilli in subcutaneous foci 
of previously injected quartz dust. 

An interesting experiment by Cummins 
and Williams * that quartz 
dust was capable of adsorbing tuberculin 
in sufficient amounts to reduce the titer 
from 1:1,000 to 1:10. 

Another circumstance which might have 
raised the question of an immune factor 
in silicosis is the observed irregularity with 


demonstrated 
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which silicosis may affect humans as well 
as animals,* even though exposure condi- 
tions may have been more nearly uniform. 

With the abandonment of the mechanical 
theory of silicosis in which fibrosis was 
believed to be secondary to mechanical irri- 
tation by the sharp points and edges of 
embedded quartz particles and with the 
abandonment of the solubility theory in 
which fibrosis was believed to result from 
the silicic acid formed as the quartz slowly 
dissolved, the surface-activity theory gained 
ascendency. According to the latter theory, 
denaturation of body proteins occurs on the 
surface of crystalline quartz particles. Fi- 
brosis is presumed to occur secondary to 
this denaturation (injury!). On the other 
hand, such denatured proteins are also pre- 
sumed capable of acting as antigens * and, 
therefore, of stimulating antibody formation. 
Thus, there is in this aspect of the surface- 
activity theory of silicosis an immunologic 
concept. 

The antigenicity of proteins as a result of 
their denaturation following contact with 
finely divided quartz has been or is being 
investigated not only by Scheel* but also 
by German workers ® and by South African 
investigators in Ian Webster’s laboratory.® 

The greatest and, indeed, most formidable 
support to an immunologic concept of 
silicosis has come from a group of Italian 
investigators headed by Vigliani.? Early, 
these workers found an increased y-globulin 
content in the blood of some silicotic work- 
ers. Later, analysis of the hyaline material 
in silicotic nodules was shown to consist in 
large part of B- and y-globulin. This finding 
had strong immunologic implications. In the 
same paper,’ evidence was presented that 
finely divided silica may enhance significant- 
ly an immunologic response to bacteria. 
Vigliani and Pernis*‘ believe silicosis to be 


i” 
| 
| 
it 
2 
i 
: 
i 
We. 
; 


PNEUMOCONIOSES 


a disease of autoimmunity. The antigen, ac- 
cording to these authors is not a protein 
denatured by contact with the surface of 
quartz crystals, as suggested by Scheel *; 
instead, the antigen is believed to consist of 
lipoproteins formed within the quartz-con- 
taining macrophages as a result of retro- 
gressive changes. On the basis of his 
immunologic concept, Vigliani explains tu- 
berculosilicosis as a reciprocal, nonspecific 
enhancement of immunologic responses. 
A nearly-completed study * in our own 
laboratory offers additional support for an 
immunologic concept of silicosis. We have 
treated tuberculin-positive guinea pigs intra- 
tracheally with a nonfibrogenic quartz dust, 
alone and in combination with PPD tuber- 
culin, and compared the reaction obtained 
when the same quartz dust was injected 
intratracheally in combination with living 
as well as dead tubercle bacilli. Progressive 
fibrotic and necrotizing pulmonary as well 
as lymph nodal lesions developed after the 
intratracheal injections of nonfibrogenic 
quartz plus tuberculin. The fact that these 
lesions were similar to the lesions obtained 
with the same dust combined with living or 
dead tubercle bacilli is interpreted as sup- 
portive of an immunologic concept. 
Earlier, we had published the results of 
an investigation® in which an_ iron-con- 
taminated quartz dust was used alone and 
in combination with living tubercle bacilli 
of very low virulence. This contaminated 
quartz dust was incapable of inducing sili- 
cotic nodulations in guinea pigs after a 
one-year exposure and a holding period of 
an additional year. The tuberculous infec- 
tion was of such low virulence that massive 
dosage was necessary to render the guinea 
pigs tuberculin-positive, and the pulmonary 
lesions, when found, were small. Neverthe- 
less, the lesions produced by a combination 
of these two agents were comparable to a 
progressive massive fibrosis of the lungs 
and frequently caused the death of the ani- 
mal. These results, we believe, are best 


* This investigation was supported in part by 
Research Grant E-1710, from the National In- 
stitutes of Health, U.S. Public Health Service 
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explained on the basis of a reciprocal, non- 
specific enhancement of immunologic re- 
sponses, as suggested by Vigliani. 

Silicotic enhancement of the immunologic 
response to infections other than tuberculous 
seem to be a good probability as is indicated 
in the experiments by Pernis and Bolis 
dealing with Salmonella typhimurium and 
[escherichia coli in which an enhanced anti- 
body response due to silica was clearly 
demonstrated. 

Vorwald and Baetjer independently 
investigated the lethality of a pneumococcic 
infection in animals and found 
surprisingly that the mortality rate from 
pneumonia was lower in silicotic than in 
nonsilicotic animals. Although no attempt 
was made at that time to explain this un- 
expected result, it now would seem reason- 
able to assume that the silicotic animals 
developed a more rapid and higher antibody 
response to the pneumococcus than did the 
nonsilicotic animals and that this enhanced 
antibody response 
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yas sufficient to prevent 
death in some animals. 

There is an increasing amount of evidence 
which indicates that whatever basic concept 
applies to silica as a disease-producing dust 
should also be applicable to other dusts 
known to produce pneumoconiosis, the dif- 
ference being one of degree. The fact that 
this difference in degree may be as extreme 
as a silicotic nodule on the one hand and 
a small carbon deposit on the other hand 
need not militate against a unitarian concept 
to cover all pneumoconioses. 

One of the first indications of similarity 
in basic mechanism furnished by 
Kettle '* when he demonstrated a much 
greater pulmonary reaction with fibrosis to 
a mixture of kaolin with dead_ tubercle 
bacilli than could be accounted for by a 
simple addition of the reactions caused by 
these agents when injected alone. This syn- 


Was 


ergistic action upon pulmonary tissue by a 


dust and tubercle 
bacilli has also been demonstrated but more 
recently in E. J. King’s laboratory ™ and 
also in the laboratory of the Industrial Hy- 
giene Foundation.® The clinical counterpart 


combination of kaolin 
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to these experimental results is probably to 
be found in the massive pulmonary fibrosis 
described by Lynch and McIver in three 
men who had been exposed occupationally 
to exceedingly heavy concentrations of 
kaolin dust. Although a tuberculous com- 
ponent was considered, it could not be 
demonstrated. 

In the progressive massive fibrosis 
(P.M.F.) of the British coal worker’s lungs 
it had long been suspected that a combination 
disease existed, and accordingly it was clas- 
sified as an “infective pneumoconiosis.” It 
was generally understood that the infection 
was tuberculous. When the disease was 
successfully reproduced in guinea pigs '* by 
intratracheal injections of coal mine dust 
and tubercle bacilli of low virulence, the 
pathogenesis and etiology of the clinical dis- 
ease were more firmly established. In 
P.M.F., as in tuberculosilicosis, there is a 
synergism between the dust and the infec- 
tion to produce lesions far mgre serious 
than the mere sum of the two component 
factors. 

No attempt has been made so far to explain 
the mechanics of the synergism of infection 
with dust to give the massive fibrosis asso- 
ciated with both kaolin and coal dust. Never- 
theless, it would seem likely, in view of the 
similarity in etiology and in pathologic 
anatomy, that the mechanism of the syn- 
ergism should be similar to if not identical 
with that in In other 
words, if the lesions of tuberculosilicosis 
are brought about by a reciprocal enhance- 
ment of immune reactions to dust and 
infection, so are the lesions of tuberculo- 
kaolinosis, and of tuberculoanthracosis. 

Several other dusts, those of aluminum 
oxide and of silicon carbide, heretofore also 
considered inert, have been shown, in con- 
junction with a tuberculous infection of 
extremely low virulence, capable of pro- 
ducing extensive pulmonary consolidation 
resembling P.M.F.® It must be pointed out, 
however, that this demonstration was con- 
fined to guinea pigs and that extremely 
heavy dust exposures were required. 


tuberculosilicosis. 
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The vastly different pathogenicity of the 
so-called inert dusts as compared to that of 
crystalline silica engenders a natural enough 
reluctance to accept a unitarian concept. Al- 
though dusts other than crystalline silica 
may enhance the immunologic response to 
a tuberculous infection by means of a non- 
specific mechanism, this fact alone does not 
justify the inclusion of these dusts in the 
same category with quartz. However, the 
fact that the action of certain inert dusts 
and that of a tuberculous infection seem 
to be reciprocal does give some justification 
to this categorization. 

Furthermore, if, according to Vigliani,7 
the lipoproteins produced by the toxic action 
of the intracellular quartz dust are the auto- 
antigens in the case of silicosis, then other 
dusts inclusive of the inert variety must 
also produce autoantigens, since even inert 
dusts may cause lipidic degeneration of 
alveolar macrophages. As an outstanding 
example of such an inert dust, antimony 
trioxide may be mentioned. This dust may 
produce a lipid pneumonia with interstitial 
fibrosis due entirely to lipidic substances 
released from disintegrating alveolar macro- 
phages.’* The concept that lipids derived 
from degenerating macrophages are patho- 
genic is not new. Fallon’s theory,’* form- 
ulated more than 20 years ago, postulates 
that such lipids were responsible for the 
development of silicotic nodules. 

A dust disease which, because of certain 
peculiar features, early raised the suspicion 
of an immunologic basis is berylliosis. 
This disease, in its chronic form, is a gran- 
ulomatous pneumonitis, frequently progres- 
sive, which has many of the anatomic 
features of sarcoidosis and of tuberculosis. 
The peculiarities of berylliosis which sug- 
gest an immunological mechanism include 
the fantastically small exposures 2° which 
have been reported as responsible factors 
and the great variation in susceptibility of 
workers exposed to the dust. One of the 
theories ® assumes that the inhaled beryl- 
lium dust denatures proteins. These altered 
proteins are believed to behave as antigens 
and to stimulate antibody formation. 
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PNEUMOCONIOSES 


Another circumstance suggestive of the 
immunological basis that underlies the pneu- 
moconioses may be seen in the propensity 
of miners to develop “bronchitis.” * This 
condition, although it seems to be a definite- 
enough clinical entity, has not been charac- 
terized from the point of view of pathologic 
anatomy. In view of the frequency with 
which bronchitis is of infectious origin and 
the multitude of infective agents capable 
of causing this condition, the question of 
enhanced reactivity to infection by virtue 
of the large dust deposits may logically be 
considered here also. 

With the espousal of an immunologic 
concept of the pneumoconioses as a working 
hypothesis some interesting lines of experi- 
mental investigations come to mind for the 
answer to questions that have thus far 
escaped solution. It may be of interest, for 
example, to use an immunological approach 
to investigate the mechanism which inhibits 
the development of silicosis in the presence 
of iron and aluminum. It may also be desir- 
able to determine if infections other than 
tuberculosis may be factors in the develop- 
ment of progressive massive fibrosis of the 
lungs when the latter contain very large 
deposits of so-called “inert” dusts. 

Regardless of the extent to which the 
evidence presented may or may not appear 
convincing, it is apparent that very little 
progress has been made within the last 25 
years in the elucidation of the basic proc- 
esses that underlie the pneumoconioses. A 
fresh, different approach may therefore 
offer the additional advantage of motion 
away from “dead center.” 


Summary 


Evidence is presented in favor of an 
immunologic concept of the mechanism un- 
derlying not only silicosis but also the pneu- 
moconioses in general, particularly those 
caused by certain so-called “inert” dusts. 

Much of this evidence relies on the ob- 
served synergism between dust and infection 
as found in the tuberculopneumoconioses. 
Here it is assumed that a reciprocal en- 


Gross 


hancement of immunologic responses to dust 
and infection occurs. 

Other evidence consists largely of obser- 
vations reported by Vigliani and Pernis in 
regard to silicosis. 


Industrial Hygiene Foundation, 4400 Fifth Ave. 
(13). 
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Analysis 


Great strides have been made in the basic 
principles applied to recording instrumenta- 
tion in air analysis and in improving re- 
liability and sensitivity of these instruments. 
Furthermore, the complexity of the systems 
employed has advanced tremendously as has 
the extent of applications for such instru- 
mentation. Previously the only vapor which 
could be readily determined by commercially 
available instruments in the parts per billion 
range was mercury; today a considerable 
number of gases and organic vapors can be 
recorded at this low range by such instru- 
ments as an ionization detector, aptly named 
the “Billion-Aire” trace gas analyzer, the 
photometric and the fluorescent-quenching 
fluoride recorders, the silver electrode re- 
corded for HCN and HS, 


ozone recorders. 


and_ several 


With automation in air analysis, there 
comes a change in the activity of the analyst. 
Rather than periods in 
analytical procedures, he must acquire new 


spending long 


skills in the calibration and maintenance of 
the equipment. Although the mass of data 
which recording instruments turn out is of 
great value, it may require much time for 
tabulation and new knowledge for statistical 


analysis and interpretation. 


This paper will touch only briefly on the 
older automatic recording instruments as 


many of these have already been described." 
More detail will be presented on the newer 
instruments, a number of which have been 
developed since the publication of the En- 
cyclopedia of Instrumentation for Industrial 
Hygiene.? However, this encyclopedia con- 
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Automatic Recording Instruments as Applied to Air 
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tinues to be the most complete and useful 
collection of information on this broad sub- 
ject. 


Types of Recording Instruments: 
Electrometric Methods 


Electroconductivity M ethod s.—Instru- 
ments using the electroconductivity principle 
involve absorption of the atmospheric con- 
taminant in water or electrolyte with con- 
tinuous or periodic transfer of the solution 
to an electrolytic cell where the change 
in current produced by the contaminant is 
recorded. The contaminant must be an elec- 
trolyte in solution, as are SO, or H2S, or 
it must form an electrolyte on pyrolysis, as 
do the organic halides. Examples of this 
type of instrument are the Thomas Auto- 
meter and the Davis Electro-Conductivity 
Analyzer. 

Thomas Autometer: The Thomas Auto- 
meter is a continuously analyzing and re- 
cording instrument used most extensively 
for measuring concentrations of SOs in 
air (Fig. 1). The sampling solution, consist- 
ing of hydrogen peroxide and sulfuric acid 
in distilled water, flows by gravity through 
the heated cabinet of the Autometer, where 
it is brought into contact with a continuous 
sample of air. Soluble gases are absorbed 
and the electrical conductivity of the solu- 
tion is altered. This change is detected by 
a conductivity cell and is recorded directly 
in parts per million on a strip chart. 

As the instrument completes a cycle of 
operation each half hour, the conductivity 
cells measure consecutively the incoming 
reagent, the solution after contact with the 
sampled air stream, and finally an average 
value for the integrated solution that has 
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Fig. 1.—Integrating type Thomas Autometer, 
showing glassware assembly, timer, and conduc- 
tivity cells in insulated cabinet. 


been accumulated for the full cycle. The 
integrating cell chamber is automatically 
emptied while the conductivity of the in- 
coming reagent is being measured and a 
new cycle is started. 


The rate of flow of solution through the 
instrument is 3.3 ml. per minute and the 
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rate of air flow is 9.4 liters per minute. 
The cabinet is kept at 120 F for accurate 
measurements. The response to changes in 
conductivity is approximately thirty seconds, 
with 90% of the final reading being reached 
in two minutes. 

The sensitivity of the Autometer is indi- 
cated by the manufacturer to be “better than 
0.05 ppm SOs.” Actual operation of the 
instrument has shown the sensitivity to be 
in the order of 0.01 to 0.02 ppm SOx. 

The Autometer is easily calibrated by use 
of a solution of known concentration of 
sulfuric acid, sulfur’dioxide gas, or with 
an electrical resistance placed in the re- 
corder. All of the methods are rapid, inex- 
pensive, and accurate. 

The use of capillary tubing in the solu- 
tion system and fungicide in the reagent has 
served to improve the operations of later 
models of the Autometer.* 

Some interference in the evaluating of 
sulfur dioxide may occur in the presence 
of nitrogen dioxide, hydrogen chloride, 
ammonia, or hydrogen sulfide. 

Electroconductivity Recorder: In_ the 
Davis Electro-Conductivity Analyzer,* the 
concentration of a gas is measured by 
the change in electrical conductivity after 
ionization in distilled water. If the concen- 
tration of the gas is low, the sampling 
solution may be recirculated after passing 
through an ion exchange bed. The use of a 
pyrolyzing furnace for freeing the halide 
from organic halide compounds increases 
the versatility of the instrument. 


The apparatus can sample successively 
from a number of locations by use of an 
automatic commutating valve. The range of 
the instrument may be widely varied by 
adjusting the rate of flow of the air sample 
and that of the deionized water. These 
electroconductivity recorders have been ap- 
plied to the evaluation of such gases and 
vapors as sulfur dioxide, chlorine, carbon 
tetrachloride, hydrogen sulfide, methylene 
chloride, and methyl bromide. 

Potentiometric Methods.—Silver Elec- 
trode Recorder for HCN and H2S: A silver 
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Fig. 2—Flow diagram 
of silver electrode re- 
corder. (Reprinted from 
Analytical Chemistry 29: 
1878 [Dec.] 1957.) 


electrode recorder (Fig. 2) initially as- 
sembled by the Dow Chemical Company for 
hydrogen cyanide determination has been 
reported by Adams * as the best means for 
continuous recording of both hydrogen 
cyanide and hydrogen sulfide. 

The principle of operation of this device 
is the formation of relatively insoluble 
silver cyanide or sulfide salts as one or the 
other of the gases HCN or H2S is passed 
through a solution containing silver ions. 
The decreasing silver ion concentration 
causes a corresponding decrease in the silver 
half-cell potential. The silver electrode may 
be either rotated at 1,700 rpm or vibrated 
to obtain a linear response. 

In the prototype commercial model being 
produced by the Mine Safety Appliances 
Company, the alkaline absorbing solution is 
pumped from a reservoir containing a 
month’s supply through the scrubbing tower 
into the cell containing the vibrating silver 
electrode and a saturated calomel electrode. 

A simple scrubber has been devised for 
sampling in the parts per billion range which 
may well be adapted to other gas scrubbing 
instrumentation. This consists of a plastic 
cylinder provided with a closely fitting core 
on the surface of which is cut a helical 
groove. The air sample flows with the ab- 
sorbing solution down through the groove 
with absorption of the gas at nearly 100% 
efficiency. By adjusting flow rates of the 
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sample and the absorbing liquid, this device 
is applicable to concentrations of HCN and 
HeS from the low levels of 4 ppb (parts 
per billion) up through many times the 
maximal acceptable limits of these two gases. 


This method is fairly specific for these 
two gases, as the silver electrode potential 
is substantially free from effects of other 
atmospheric constituents. Quantitative data 
on slight interference by 120 ppm of SOs 
together with other details on the instrument 
are included in a paper by Strange.* It is 
to be noted that the response of the silver 
electrode to a mixture of hydrogen cyanide 
and hydrogen sulfide is not additive. This 
does not constitute a serious deficiency as 
industrial atmospheres involving both of 
these gases are rarely encountered. 

The Titrilog:The Titrilog® (Figs. 3, 4, 
and 5) is a fully automatic chemical-elec- 
tronic instrument designed to analyze and 
record continuously concentrations of oxi- 
dizable sulfur compounds in the atmosphere. 
Electrolytically generated bromine, in solu- 
tion, is used to titrate the sulfur compounds. 
The bromine generating current is controlled 
by an electronic feed-back amplifying sys- 
tem so that the net rate of bromine genera- 
tion is at all times equivalent to the net rate 
of absorption of the sulfur compounds. The 
generating current is measured by a record- 
ing milliammeter and the net current is 
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Fig. 3.—Portable model Titrilog. (Courtesy of Consolidated Electrodynamics Corporation. ) 


Fig. 4—Titrilog showing analytical cell, elec- 
tronic and sampling system. 


proportional to the sulfur compounds in the 
sampled gas. 

The sensitivity of the instrument varies 
directly with the rate of flow of the sample 
while the range varies inversely with that 
rate. Range and sensitivity also vary some- 
what with different sulfur compounds. In 
general, the sensitivity of the instrument 
is around 0.1 ppm for sulfur dioxide. This 
sensitivity has been improved by a factor 
of 10 in experimental models by modifying 
the recording unit.* 

The Titrilog may be used to analyze many 
of the oxidizable sulfur compounds. Among 
those of interest are sulfur dioxide, hydro- 
gen sulfide, thioethers, thio- 
phene, and organic disulfides. 


mercaptans, 


Some gases will titrate only to a limited 
degree and thus set up interference; notables 
in this group are the olefines, diolefines, 
and phenolic compounds, Of some interest 
also are nitrogen dioxide and chlorine which 
interfere through their similarity of action 
in the solution and thus reduce the demand 
for generating bromine. 

Many gases common to the polluted at- 
not titratable nor do they 
cause any interference. These are hydro- 
carbons, carbon monoxide, carbon dioxide, 
nitrogen, hydrogen, oxygen, and ammonia. 
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Reference 


Voltage 


Bottery Amplifier 


Cell 


Cell sensor 
electrode voltage — + 


Recording 
Milliammeter 


Sample gas 


Inner (titration) intet 


compartment, A — 


Outer sensor—__| 
electrode, 4 


Outer compartment,B 


Exhaust air 


Gas dispersion ux 
tube 


~Electrolyte level 


outer (hydrogen) 
generator 
electrode, 3 


Charcoal filter 


Inner sensor 


TITRILOG CELL AND AMPLIFIER 


Inner (bromine 


Response to changes in concentration is 
relatively fast, being in the order of 30 
seconds to one minute. Calibration of the 
instrument is usually accomplished by use 
of a known concentration of HeS_ in 
methane. This mixture is very unstable and 
has a relatively short shelf life. 

Coulometric Method. 
pheric ozone recorder developed by A. W. 
Brewer is produced by the Mast Develop- 


A portable atmos- 


ment Company. This is called a_ micro- 
coulomb ozone sensor. This instrument 
operates on the principle of a continuous 
coulometric measurement of a flowing solu- 
tion of potassium iodide which has been 
in contact with the sampled air stream. It 
has the advantage of being much less ex- 
pensive than many other ozone recorders 


Giever—Cook 


Figure 5 


and it is readily portable. However, the 
sensitivity so far achieved for the method 
is only 1 ppm which does not extend down 
to the range of interest of industrial hy- 
gienists. 

Amperometric Method.—An_ ozone re- 
corder operating on a different electrometric 
principle as developed by V. H. Regener 
is also produced by this same manufacturer 
(Fig. 6). Air is drawn through two systems 
each containing a flowing solution of po- 
tassium iodide and sodium thiosulfate con- 
tinually titrated to a point of slight excess 
iodine. In one of the systems, the oxidant 
content of the air is destroyed by heat; 
in the other, the oxidant oxidizes the iodide, 
proportionally decreasing the required elec- 
trolysis current. The difference in currents 
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Fig. 6—Atmospheric ozone recorder, Regener 
type. Figure 6a shows front view, interior, and 
Figure 6b shows rear view, interior. 
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Fig. 7—The Mini- 
Adak automatic colori- 
metric dosimeter recorder. 


between the two systems is a measure of the 
concentration of oxidant present in the air 
stream and is recorded on a strip chart. 


Photometric Methods 


Colorimetric Dosimeter Re- 
corder.—An instrument developed by Adams 
and Koppe® (Fig. 7) initially for atmos- 
pheric fluoride determination is applicable 
to the recording of the concentration of any 
soluble ion-producing pollutant which gives 
a color with a suitable reagent. 

The equipment, named the Mini-Adak 
analyzer by its developers, operates on a 
timed cycle. A measured quantity of the 
reagent is introduced from a stock bottle 
through a Beckman Titrator solenoid valve 


Automatic 
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into a flow cell (lig. 8). The flow cell is a 
vertically mounted tube with a small orifice 
at the bottom through which the reagent 
slowly flows into the air sample stream. 
After being lifted up through the air sample- 
reagent contacting column by the air flow, 
the reagent completes its cycle back into the 
flow cell, and the air sampled is drawn out 
through the top of the cell. 

An electronic photometer measures the 
transmission of the selected wavelength of 
light passed through the flow cell. The time 
required for the transmission of the reagent 
to be reduced to a predetermined value is 
a measure of the average concentration of 
the pollutant over that period. The system 
then passes through its sample-changing 
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Fig. 8.—Details of air-reagent contactor in 
automatic colorimetric dosimeter. (Reprinted from 
Analytical Chemistry 31:1250 [July] 1959.) 


sequence with dumping of the used reagent, 
rinsing, and recharging new reagent into 
the flow cell. As circulation of air free from 
the pollutant causes some change in the 
color value of the reagent, new reagent 
may be introduced into the flow cell at any 
desired interval up to 24 hours, 

This instrument can also continuously 
record the reduction in transmission of the 
reagent during the sampling portion of 
the cycle. In this case, the new reagent is 
introduced periodically at a preset interval. 
This method of operation gives the concen- 
tration of the pollutant during the sampling 
period as indicated by the rate of decrease 
in transmission, It also records the average 
concentration over the cycle period. 

In the application of this method to 
fluoride determination, the zirconium-Erio- 
chrome Cyanine R reagent was used and 
the rate of reaction measured throughout 
each sampling period. Comparison with 
results from conventional sampling methods 
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of a test chamber atmosphere showed no 
statistically significant differences. 

No interference is caused by sulfur di- 
oxide at a concentration of 0.5 ppm over a 
sampling period of 24 hours nor by 200ug. 
of phosphorus pentoxide in the 15 ml. vol- 
ume of reagent. So far the reaction of the 
reagent with particulate fluoride, such as 
rock phosphate dust, has not been investi- 
gated. 

The sensitivity of this method depends 
on the sampling rate and the number of 
minutes over which the sample is collected. 
At the sampling rate of 1.0 cu. ft. per 
minute, an indication of the sensitivity may 
be obtained within limits on dividing the 
number 30 by the number of minutes of 
sampling. For example, a 60-minute samp- 
ling period would permit a sensitivity of 
O.5ug. per cubic meter. At concentrations 
over the range of 0.75 to 35 ppb, the 
standard error was 0.8 ppb on comparison 
with individual chemical analyses. 

This instrument can also be used as a 
fluorescent type recorder with changes in 
the optical system of the photometer. Es- 
sentially these involve use of a mercury 
vapor light source and rotation of the photo- 
cell from 180 degrees to a 90 degree angle 
to the light source. 


Photometric Carbon Disulfide Recorders. 

A recording device for the determination 
of carbon disulfide sensitive to 1.5 ppm has 
been described by Reece, White, and Drink- 
er.” The sample was burned in two furnaces 
in series to produce SO; and then passed 
over water to produce a sulfur trioxide fog 
which interrupted the passage of a light 
beam to a photo cell. 

An automatic sulfide recorder has been 
used in the viscose rayon industry depend- 
ing on the change of a blue color to yellow 
on reaction of carbon disulfide with copper 
acetate, diethylamine, and triethanolamine to 
form copper diethyldithiocarbamate. This 
color change is measured by means of a 
flow colorimeter for automatic recording. 
Through the use of a multiple location 
sampling head, a check is kept continuously 
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on carbon disulfide concentrations in various 
locations in the viscose operation. 

Ozone Recorders——A number of photo- 
metric methods are available for recording 
concentrations of ozone in air.’ Measure- 
ment of the concentration of ozone by the 
recording potassium iodide colorimeter 
method is known to be somewhat in error 
due to the presence of nitrogen dioxide, 
peroxides, or other oxidants. In spite of 
these limitations, the oxidant recorded using 
this method of analysis is useful in evaluat- 
ing concentration of total oxidants in the 
atmosphere. Several instruments employing 
this same principle are commercially avail- 
able. 

The Kruger Model 54 Ozone Analyzer 
is based on ultraviolet absorption of this 
gas. The air sample is divided into two 
parts, one of which passes directly into a 
test cell and the other over a catalyst to 
eliminate ozone and then into a reference 
cell. The difference in ultraviolet absorp- 
tion at 2,537 A. between the test cell and 
the reference cell is measured by a bridge 
circuit. The instrument is specific for 
ozone. 

Bradley and Haagen-Smit have devel- 
oped a technique which uses the cracking 
of small folded strips of rubber as the 
means of determining ozone concentration. 
The specially compounded strips of rubber 
are exposed to a known volume of air; the 
extent of cracking is a function of the con- 
centration of ozone. A needle is drawn 
across the rubber strip to indicate the depth 
of the cracks. The motion of this needle is 
transmitted to a strip chart to provide a 
recording. 

Seckman Instruments, Inc., has produced 
an instrument based on a method also de- 
veloped by Haagen-Smit in which phenol- 
phthalin is oxidized to phenolphthalein and 
the color change read on a recording color- 
imeter. 

Particulate Matter Recorders.—Several 
tape samplers have been developed to collect 
particulate matter on which various types 
of evaluation methods have been employed. 
The relatively low rates of air flow in these 
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Fig. 9.—Chaney 
ulate matter. 


automatic sampler for partic- 


samplers have limited somewhat the ana- 
lytical techniques that could be utilized. 

In one instrument developed by the A. L. 
Chaney Laboratories (Fig. 9), air to be 
sampled is drawn through a 1 in. square 
area of a 2 in. strip of filter paper at a 
rate of 25 cu. ft. per hour. At the end of 
sampling period, the filter paper strip is 
automatically moved to the next position. 
During this movement, the particulate mat- 
ter deposited is scanned by two photocell 
units, one for reflectance and one for trans- 
mittance; these values are automatically 
recorded and the strip dated and stamped 
with the hour. The reflectance and trans- 
mittance of the clean paper between succes- 
sive samples is also scanned and recorded 
for zeroing. Pressure drop across the filter 
paper is measured and recorded for short 
intervals at the beginning, middle, and end 
of the sampling period. 

Modification of an AISI sampler ™ in- 
corporates accessory unit analyzers and an 
automatic digital printout and punch card 
system. One accessory unit measures beta 
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radioactivity and the mass of particulate 
matter, the latter being obtained with a 
beta gauge technique which gives results in 
terms of micrograms per cubic meter of air. 
Reflectance and transmittance values may 
also be obtained. 

These modifications serve to increase the 
usefulness of the samplers, as data only on 
reflectance or transmittance have not been 
of sufficient significance quantitatively for 
many applications in which the instruments 
would otherwise be very adaptable. 

Forward Scattering Aerosol Photometer. 

In the forward scattering aerosol pho- 
tometer which was developed by Sinclair," 
the aerosol being sampled is drawn into a 
smoke tube by a pump and past a converg- 
ing beam of dark field illumination. The 
collecting lens, which is located within a 
darkened area, forms an image of the aper- 
ture and the illuminated air sample in the 
plane of the photomultiplier tube window. 
The signal from the photomultiplier tube 
is amplified and either read directly or 
picked up by a recorder. 

Nitric Oxide and Nitrogen Dioxide Re- 
corder—A_ four-channel instrument was 
developed at the California Institute of 
Technology ** to measure nitric oxide, ni- 
trogen dioxide, oxidant, and oxidant pre- 
cursor. A colorimeter was used to measure 
the reaction in each of four absorbing col- 
umns. Modified Greiss reagent was used 
in the evaluation of nitrogen dioxide. Nitric 
oxide plus nitrogen dioxide was measured 
after first converting the nitric oxide to 
nitrogen dioxide with ozone. Total oxidant 
was absorbed with a 20% neutral potassium 
iodide solution. The precursor was irradi- 
ated and then treated as the total oxidant. 

This principle, which was developed and 
reported by Thomas et al.,’° has been used 
extensively in sampling nitric oxide and 
nitrogen dioxide. Several instruments em- 
ploying these methods of analysis have been 
developed. 

Fluorescence-Quenching Recorder.—The 
property of fluoride to reduce the fluores- 
cence of a dye under ultraviolet light, even 
at very low concentrations, has been utilized 
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by the Army Chemical Corps in an appa- 
ratus employing an aluminum-morin com- 
plex and by the Stanford Research Institute 
employing magnesium oxinate. The descrip- 
tion of the apparatus used by the former 
has not yet been published; that of the latter 
has been the subject of a series of publica- 
tions since Chaikin and associates started 
work on the device in 1951, and is the sub- 
ject of a detailed paper by Thomas pub- 
lished by the American Society for Testing 
Materials."" 

In the Stanford Research Institute fluo- 
ride recorder, the sample is divided into two 
equal streams, one of which impinges di- 
rectly on one side of a fluorescent tape and 
the other passes through a tube lined with 
a film of sodium bicarbonate for the re- 
moval of hydrogen fluoride 


and then 


impinges against the other side of the fluo- 
rescent tape. The entire width of the tape 
is placed between an ultraviolet light source 
and two photomultiplier tubes which are 
actuated by visible light resulting from the 
fluorescence. The tape is automatically ad- 


vanced at periods of 10 to 30 minutes for 
each succeeding determination. The instru- 
ment samples at the rate of about 8 liters 
per minute for each of the two streams. 
The recorder gives good performance in 
the range of 0.2 to 10 ppm. 


Common air pollutants introduce little if 
any interference. Some organic compounds 
may interfere. The instrument has yet to 
be given field testing. 

Ultraviolet Absorption Devices.—DuPont 
Logarithmic Photoelectric Analyzer: Ultra- 
violet photometry has been used in a num- 
ber of vapor recorders 1*-!® but these have 
not been specific for any ane vapor. An 
instrument developed by D. D. Friel of du 
Pont and described by him at the American 
Chemical Society meeting in September, 
1959, has been made specific for a consid- 
erable number of vapors by splitting the 
beam from the source and using appropriate 
filters. As reported by Flournoy,” the ul- 
traviolet radiation from an S-4 mercury 
are is split into an “analytical beam” and a 
“reference beam.” An absorption filter of 
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Fig. 10.—Diagrammatic 
sketch of Lira nondisper- 
sive type infrared analy- 
zing system. 
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colored glass or a sealed cell of liquid or 
gas is placed in the analytical beam. This 
filter passes only those wave lengths that 
are strongly absorbed by the constituent of 
interest in the sample. A filter which passes 
only those wave lengths that are weakly 
absorbed is placed in the reference beam. 
The signals of the two phototubes receiving 
these beams are applied to circuits which 
electronically take the logarithm of the in- 
put signals and give an output signal which 
is linear with the concentration of the con- 
stituent of interest. 


This method is limited to those vapors 
and gases which absorb ultraviolet radiation 
but these include a considerable number of 
interest to the industrial hygienist. 

Infrared Absorption Devices.—Record- 
ing infrared analyzers of the non-disper- 
sive type (Fig. 10) are of value in the 
measurement of many gases. The method 
of operation of a selective instrument which 
determines the concentration of one gas in 
the presence of others is to pass one of two 
identical infrared beams through a sample 
cell and the other through a comparison 
cell. Both beams then pass through a beam 
combiner cell and on into a detector cell. 


When carbon monoxide is to be deter- 
mined in the presence of carbon dioxide 
and water vapor, an inert gas, usually nitro- 
gen, is placed in the comparison cell. A 
combination of carbon dioxide and water 
vapor is placed in the beam combiner cell 
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to absorb the infrared energy in spectral 
range of these gases. Consequently changes 
in their concentrations in the sample cell 
will not affect the analyzer. The detector 
cell is filled with carbon monoxide, or, to 
give better sensitivity, with a combination 
of carbon monoxide and nitrogen. 

The presence of carbon monoxide in the 
sample cell will absorb the infrared radia- 
tion of the significant wave lengths in 
proportion to the percentage of carbon mon- 
oxide present. That portion of the infrared 
energy that is not absorbed in the sample 
cell will continue on to the detector cell 
where the carbon monoxide in this cell will 
absorb the remainder of the infrared energy 
of the significant wave lengths. Changes in 
the carbon monoxide concentration in the 
sample cell will thus cause changes in 
the temperature and correspondingly in the 
pressure within the detector cell. 


In the operation of the device, the two 
beams are permitted to pass through the 
cells alternately, first through the sample 
cell and beam combiner to the detector cell, 
then through the reference cell and beam 
combiner to the detector cell. This is ac- 
complished by a “beam chopper,” which is 
a sliding shutter blocking off first one and 
then the other of the two beams. 


On introduction of the air sample con- 
taining carbon monoxide into the cell, some 
of the infrared energy is absorbed and less 
radiant energy the 


sample beam 
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reaches the detector cell. The temperature 
and the pressure within the cell decrease. 
As the beam from the reference cell reaches 
the detector cell, the temperature and pres- 
sure increase, and with the alternating of 
the two beams the pressure within the de- 
tector cell oscillates. This oscillation of 
pressure causes a membrane to vibrate re- 
sulting in variation of a condenser micro- 
phone capacity. This modifies an electrical 
signal which electronically actuates the re- 
corder. 

Several companies produce nondispersing 
infrared analyzers. These include Applied 
Physics Corporation, Beckman Instruments, 
Inc., and Mine Safety Appliances Company. 
The Lira," produced by this last concern, 
has been used by the authors for carbon 
monoxide determinations in the range of 
0-100 ppm in air pollution investigations. 
This instrument employs cells one meter in 
length and operates on an electrical null- 
balance feed-back by varying the voltage on 
one infrared source. 

The instrument can be used for many 
which absorb infrared radiation. 
These include hydrocarbons in the range of 
0 to 3 ppm; sulfur dioxide, 0 to 200 ppm, 
and carbon tetrachloride, 0-50 ppm. Other 
chlorinated, brominated, and __ fluorinated 
hydrocarbons can also be determined. It 
should be noted that the operation of chang- 
ing a nondispersing infrared analyzer from 
one gas to another with the necessary sensi- 
tizing and calibrating generally requires 
considerable time and effort. 

Dispersing Infrared Recorder —Record- 
ing dispersive infrared analyzers are com- 
mercially available through Beckman 
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Instruments, Inc., Perkin-Elmer Corp., and 
Baird Atomic, Inc. With such instrumenta- 
tion, an air sample can be scanned over the 
complete spectrum for identification of the 
sample constituents. For continuous record- 
ing of the concentration of a given constit- 
uent, a preselected wavelength is utilized. 
A gas cell of 10-meter equivalent path is 
available for making analyses in the parts 
per million range. Pressurization of gas cells 
increases the sensitivity of this instrumen- 
tation. 


Ionization Methods 


Among the newest developments in com- 
mercially available recording instrumenta- 
tion is the use of ionization cells for the 
determination of low concentrations of 
gases and organic vapors. Three different 
types of ionization cell principles have been 
employed in such instruments. 

Aerosol Ionization Detector for Gases 
and Vapors.—The aerosol ionization detec- 
tor produced by the Mine Safety Appli- 
ances Company consists essentially of an 
ionization chamber with a stainless steel 
cylinder serving as an outer electrode and 
a heavy wire as the inner electrode (Fig. 11). 
Along the inner surface of the cylinder is 
placed 50ug. to 100ug. of radium as an 
alpha sov~ce. The two electrodes are given 
opposite charges which causes a flow of ion 
current through the gas between them. 
Presence of small concentrations of finely 
divided particulate matter as an aerosol in 
the cell cause a marked drop in this flow 
of ion current. 

In order to utilize this principle for de- 
termination of gases and vapors, it is neces- 


sary to form small particles from the 


Fig. 11.—Typical cell 
of an MSA aerosol ion- 
ization detector. 


SOME 
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Fig. 12.—Flow dia- 


gram of MSA aerosol 
ionization detector. 


substances being analyzed (Fig. 12). Three 
general methods may be used: (1) reacting 
the substance with a reagent to produce 
particulate matter, (2) pyrolysis of the 
sample, and (3) a combination of both. 
Certain gases are electronegative in a non- 
electronegative process stream and can be 
determined directly without formation of 
particles. Oxygen is such a gas. 

The detector cell and a compensator cell 
are placed on two arms of a Wheatstone 
bridge circuit. Presence of an aerosol in the 
detector chamber causes a change in flow 
of current in this cell and results in an 
unbalance of the bridge which is amplified 
for driving a recorder. 

Reactions which are applicable to the 
production of aerosols are the use of am- 
monia to form salts with such materials as 
halide acids, nitric oxide, and sulfur dioxide. 
Conversely, ammonia in an air sample can 
be determined by the introduction of hydro- 
gen chloride. Pyrolysis is used for deter- 
mination of tetraethyl lead and of nickel 
carbonyl in air samples with the production 
of lead and nickel aerosols. A combination 
of pyrolysis and use of a reagent is em- 
ployed in the determination of organic 
halides. On passing a chlorinated hydro- 
carbon through a copper oxide bed at an 
elevated temperature, a copper chloride 
aerosol is formed. Other gases which have 
been determined by this ionization method 
are fluorine, hydrazine, and amines. 
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Flame Ionization Hydrocarbon Detector. 
A recording instrument based on the 
principle of flame ionization for the deter- 
mination of hydrocarbons is produced by 
the Perkin-Elmer Company. In this meth- 
od, a carbon atom must have at least one 
bond to either a hydrogen atom or to an- 
other carbon atom. The carbon-to-carbon 
bonds may be either paraffinic, olefinic, or 
acetylenic without any differentiation on the 
part of the detector. It is insensitive to 
compounds where carbon atoms are bonded 
only to sulfur, chloride, or oxygen. The 
sample is introduced into the instrument, 
mixed with hydrogen, and then burned in 
the detector. Ionization resulting from com- 
bustion is measured by an electrode sus- 
pended above the flame. The detector 
response is proportional to the carbon con- 
tent (by weight) of the sample. 

The instrument may be operated with a 
full scale of 0 to 10 ppm or through 5 
ranges on up to 100,000 ppm by manipu- 
lating a selector switch. 

Rare Gas Ionization Recorders—A third 
ionization method applicable to air analysis 
is that based on the increase in current 
between the electrodes of an ionization 
chamber when exceedingly low concentra- 
tions of certain gases and organic vapors 
are included in a stream of argon being 
passed through the chamber. A radioactive 
source of 56n¢c. of radium-226 or 20 me. of 
strontium-90 are used in the ionization 
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chamber produced by the Barber-Coleman 
Company and a strontium-90 source is used 
in the chamber of the Research Specialties 
Company. 

As the argon atoms pass through the 
chamber, they are excited to an energy level 
which ionizes molecules of the sample on 
colliding with them. The great increase in 
the current flow caused by this ionization of 
the constituents in the sample can be ampli- 
fied for operation of a recorder. It is re- 
ported that sensitivities in the order of 
10-18 moles are obtainable. 

In the utilization of the rare gas ioniza- 
tion detector for air analysis, it is to be 
noted that many gases of interest in indus- 
trial hygiene and air pollution are not read- 
ily detectable with argon as the carrier gas. 
This deficiency may become an advantage 
in determination of certain gases in the 
presence of others. The common gases not 
readily measurable include the halogens and 
halogen acids, nitrogen and oxygen, carbon 
dioxide, water vapor, methane and ethane, 
hydrogen cyanide, and sulfur dioxide. 

The rare gas ionization chamber device 
opens the way for further developments 
in analysis of air for small quantities of 
gases and vapors. At present this device is 
used in connection with gas chromatog- 
raphy systems in which the argon carrier 
gas performs the dual function of removal 
of the sample from the column and also 
ionizes it within the chamber. Special means 
must be devised to introduce the air sample 
into the chromatograph column. Beckman 
Instruments, Inc., have developed an auto- 
matic air sampling chromatograph system 
as described later in this paper. 


Thermal Conductivity Methods 


Automatic recording instruments are 
available for the determination of gases and 
vapors based on their thermal conductivity. 
The thermal conductivity cell measures heat 
transfer through gases by the change in 
temperature and consequent electrical con- 
ductivity of filaments in the cell. This 
change of conductivity is amplified through 
a bridge circuit to operate a recorder. 
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This type of instrumentation has been 
developed by the Gow-Mac Instrument 
Company ** and by the Leeds and Northrup 
Company. For most industrial hygiene ap- 
plications, these instruments do not attain 
a sufficient degree of sensitivity. 


Recording Chromatograph 
for Air Analysis 


An automatic gas chromatograph for air 
analysis with evaluation of the concentra- 
tion of constituents of interest by means of 
a recording thermal conductivity unit is 
produced by Beckman Instruments, Inc. 
(Fig. 13). 

The air sample is first drawn through the 
chromatograph column where it is adsorbed. 
As a second step in the cycle, the sample 
is vented prior to entering the column and 
carrier gas is directed through the column, 
carrying the sample into the measuring cell 
of the thermal conductivity apparatus. The 
carrier gas itself is passed directly into the 
reference cell. These cells are incorporated 
in a Wheatstone bridge circuit as in the 
conventional thermal conductivity apparatus 
and the results recorded on a strip chart. 
Use of a rare gas ionization chamber unit 
with this type of chromatograph would in- 
crease its sensitivity greatly. 


Emission Spectrography 


Beryllium Air Monitor.—A portable auto- 


matic recording emission spectrograph is 
produced by the National Spectographic 


THERMOSTATED COMPARTMENT 


Fig. 13.—Beckman automatic chromatograph 
with recording thermal conductivity unit. 
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Fig. 14.—National 
Spectrographic Laborato- 
ries portable automatic 
emission spectrograph for 
recording beryllium ox- 
ide in air. 


Laboratories, Inc., for the recording of low 
levels of beryllium oxide in air (Figs. 14 
and 15). 


This instrument samples air through a 
filter tape over a 60-second period. The 
paper is then advanced to the area where 
the electric spark excitation is applied. The 
emission spectrum is directed into a spec- 
trograph where the 3131.1 beryllium line is 
resolved. The light energy of this line is 
detected by a photomultiplier which con- 
verts this light energy to an electrical signal. 
The signal is integrated over the 30-second 
period of excitation by an integrating elec- 
tronic amplifier. The concentration of be- 
ryllium oxide is continually recorded on a 
strip chart. The instrument circuit provides 
an audible and visual alarm for settings up 
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to 2ug. of beryllium oxide per cubic meter 
of air. 

The unit is sensitive to as little as 0.1yg. 
to O.5ng. of beryllium oxide per cubic meter 
with a range of O.lpg. to 20ug. per cubic 
meter of air. The apparatus is intended for 
8-hour operation but the filter paper roll 
will last about 16 hours. 

Although this instrument is designed spe- 
cifically for beryllium oxide, it is anticipated 
that this same type of equipment can be 
applied to other metals and their compounds 
where it is important to obtain recordings 
on low concentrations in air. 


Instrument Components 


Where industrial hygiene laboratories 
may wish to assemble recording instruments 
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from component parts, a number of units 
have been made available. Among these is 
a flow colorimeter developed by Beckman 
Instruments, Inc. This unit has been used 
in certain of the instruments already de- 
scribed and will measure and record color 
intensity, turbidity, or chemical concentra- 
tion in continuous gas streams of a number 
of materials. 

A newly developed instrument which 
permits assembly of more readily portable 
recording equipment is a small strip chart 
recorder weighing only 31% lb. produced 
by the Rust Industrial Company. This re- 
corder, which is being used in the Gow- 
Mac Thermal Conductivity Apparatus, can 
be adapted to all instruments which produce 
small electric current susceptible to ampli- 
fication. 
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Fig. 15.—Filter tape 
particulate matter collec- 
tor and electric spark ex- 
citation electrodes of 
portable emission spec- 
trograph for beryllium 
oxide recorder. 


Conclusions 


In reviewing the developments in auto- 
matic recording instruments for air anal- 
ysis, it becomes obvious that each new 
device depends on other scientific advances. 
As basic knowledge increases, we can ex- 
pect further application of old ideas and 
introduction of new ones. As an example, 
a method for benzene determination by 
drawing air through a solvent of different 
refractive index was published by Loffler 
in 1930.2° The resulting refractive index 
was a measure of the concentration of 
benzene. This method has been little used 
over past years, but possibly with the recent 
development and commercial availability of 
automatic recording refractometers, this 
method may be rejuvenated. 
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With the boundaries of scientific develop- 
ment being continually extended, and the 
need for continuous data on exposures to 
toxic materials becoming more urgent, the 
future may be expected to bring a much 
expanded array of automatic recording de- 
vices for air analysis. 

Figures 2 and 8 are copyrighted by the Ameri- 
can Chemical Society and reprinted by permission 
of the copyright owner. Credit is to be given to 
the Community Air Pollution Program of the 
U.S.P.H.S. for development of the prototype 
of the automatic dosimeter recorder and to 
Washington State University for development of 


the Mini-Adak. 
109 S. Observatory Ave. 
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The Use of Detectors and Test Kits in Industrial 
Hygiene Investigations 


J. BRENNAN GISCLARD, Wright-Patterson Air Force Base, Ohio 


When one reviews the continuous prog- 
ress being made in the field of industrial 
hygiene it soon becomes apparent that a 
contributing factor to this progress has been 
the acquisition of much needed data through 
the improvements made in air sampling in- 
struments. 

Those who recall the arduous tasks of 
calibrating, transporting, setting up, and 
dismantling heavy pumps, motors, and sam- 
pling devices that preceded current develop- 
ments in this field certainly must admit that 
we have come a long way. Today, to add 
to our collection of midget impingers and 
scrubbers, we can have our selection of 
lightweight pocket size vacuum pumps, A.C. 
or D.C., miniature plastic rotameters for 
measuring rates of air flow, and small filters 
that collect particles down to fractions of 
a micron. 

This streamlining of conventional air 
sampling equipment to facilitate sample 
collection and thereby aid industrial hygiene 
investigations has been accompanied by a 
noted increase in the output of detectors 
and test kits. 

These compact, portable, 
simple to operate, quick detecting, rapid 
performance, on the spot, grab samplers 
can apparently determine everything from 
arsine to unsymmetrical-dimethyl hydra- 
zine. 


inexpensive, 


| was informed while writing this 
paper that three new ones were currently 
under development and would soon be com- 
mercially available. 

Acting Chief, Plant Operations Branch, Air 
Force Nuclear Engineering Test Facility, Wright 
Air Development Center. 

The opinions expressed in this report are those 
of the author and are not to be construed as _ re- 
flecting the views of the U.S. Air Force. 
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Although detectors and test kits embrace 
a broad category of sampling devices, the 
basic instrument to be discussed here con- 
sists of two parts: (a) the sampler, or 
mechanical device for drawing the air to be 
tested through the detecting or collecting 
medium, and (b) the detecting or collecting 
medium. 

The principal types of samplers are (1) 
electrical pumps, (2) metal hand pumps, 
(3) gas aspirating devices, (4) rubber bulbs 
or bellows, and (5) glass syringes. All of 
these devices are usually calibrated in ad- 
vance and are intended to be used in a 
manner that will cause a known volume of 
air to pass through the detecting medium. 

The most widely used types of detecting 
or collecting mediums consist of (1) pre- 
pared solutions, (2) special papers or filters 
impregnated with selected reagents in ad- 
vance or at the sampling site, and (3) solid 
granules such as silica gel, diatomaceous 
earth, or alumina impregnated with selected 
reagents. These detecting mediums usually 
function by developing a color the intensity 
of which is proportional to the atmospheric 
concentration of the air-borne material. In 
some instruments, depending upon the vol- 
ume of air sampled, the concentration is 
indicated by the length of the stain formed 
in the detecting tube. 

In one type, the sampling device is used 
to scrub a known volume of air through 
a selected absorbing solution which changes 
color and the volume of air required to 
cause the color change is noted. Reference 
to a prepared chart, er a knowledge of the 
stoichiometric requirements indicates the 
ppm of gas or vapor present in the air 
being tested. For some tests the collecting 
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Fig. 1—Drager Gas 
Detector (Courtesy 
Safety Supply Com- 
pany). 


solution is immediately treated with rea- 
gents to produce a color. 

With nearly all detectors that depend 
upon color formation, the color developed 
on the detecting medium is visually ob- 
served as to length of stain or its intensity 
is compared with standards. Standards 
usually consist of selected liquid reagents 
already treated with known amounts of the 
substance being determined, or permanent 
colored glass, papers or plastics. Examples 
of such instruments are shown in Figures 
1, 2, 3, and 4. Permanent glass standards 
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fig. 1 

Dust Alter holder fitted 
to the bellows. 
dust fitter holders. 

by five of whith dust 
samples have been taken 
19008 


are excellent for field use as employed in 
the type of test kit shown in Figure 5. This 
kit was developed by the writer for the 
determination of HCN and other gases and 
vapors. 


Its basic principle involves devel- 
opment of colors in solution and subsequent 
comparison with a special disc in a Hellige 
comparator. 

Depending upon the remoteness of labo- 
ratory facilities and the urgency required 
for the data, somewhat larger test kits can 
be assembled completely furnished with a 
small photoelectric: colorimeter as shown in 
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Fig. 2—Kitagawa 
Chlorine Detector 
(Courtesy Union Indus- 
trial Equipment Corpora- 
tion). 


Figure 6. Recently, West and Gaeke! de- 
veloped an all purpose semiquantitative gas 
analysis test kit for detecting and identify- 
ing air pollutants as shown in Figure 7. 
This kit contains a number of solid and 
liquid reagents in addition to the electrically 
driven sampling assembly. Its developers 
claim that it is capable of detecting 18 com- 
mon air contaminants. Although designed 


Fig. 3.—Sulphur Diox- 
ide Detector (Courtesy 
Mine Safety Appliances 
Company). 


for air pollution investigations, it may find 
some usefulness in the field of industrial 
hygiene especially in the heavy metal re- 
fining and chemical industries. 


’ A newly developed lead-in-air detector 


utilizes the principle of aspiration provided 
by a constant flow of freon gas to induce 
suction that causes contaminated air to pass 
through a filter. The filter traps inorganic 
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Fig. 4.—Uns-Dimethyl 
Hydrazine Detector 
(Courtesy Mine Safety 
Appliances Company). 


lead fume or dust and is then treated with 
special reagents to form a colored stain 
whose intensity is a measure of the amount 
of air-borne lead present. 
shown in Figure 8. 


The device is 


The toxic gas detector is a new instru- 
ment that depends upon pyrolysis of the 
vapor being determined to produce a color 
stain in a specially constructed detector tube. 
The length of the stain indicates, for the 
particular gas or vapor encountered, wheth- 
er or not it is present in concentrations 
below or above the currently acceptable 
maximum allowable concentration. After 
this estimation has been made, specific tests 
can be applied, if necessary, to determine 
the concentration actually present. The de- 
vice is shown in Figure 9. 
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It would seem therefore that the indus- 
trial hygienist and safety engineer have a 
multiplicity of instruments from which to 
choose the most appropriate in their con- 
stant efforts to seek out and control health 
hazards in the working environment. Fur- 
thermore there must be good reasons for 
the continued selection and application of 
this type of instrument. 
few 

1. Industrial Expansion and Increased 
Production Engender More Health Haz- 
ards——For economical and _ geographical 
reasons industrial expansion frequently ne- 
cessitates plant locations in areas quite dis- 
tant from established industrial hygiene 
services. This makes the problems of in- 
dustrial hygiene more acute with the added 
problem of an increasing number of new 


Let us explore a 
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workers being exposed to industrial health 
hazards. 

While desiring to be helpful, official gov- 
ernment health agencies find it difficult to 
service all plants as often as they would 
like. Plant management and those assigned 


Fig. 6—Field Test Kit 
with Colorimeter (Cour- 
tesy Compact Air Sam- 
plers). 


Fig. 5—HCN Test Kit 
(Courtesy Compact Air 
Samplers). 


to health and safety programs recognize 
this. The plants cannot afford to hire full 
time industrial hygienists and some plants 
even consider safety a part time job. Never- 
theless, problems of an industrial hygiene 
nature often arise. It is the safety man’s 
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Fig. 7—Gas Analysis 
Test Kit (Courtesy 
Kem-Tech Laboratories. 


job to investigate, gather facts, and find 
a solution. If he is not well-trained, he has 
limited knowledge on the hazards of certain 
dusts, gases, and vapors and the means of 
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checking atmospheric concentrations. He 
wants to obtain maximum information with 
a minimum of financial investment because 
his budget is limited. He therefore turns to 


Fig. 8—Uni-Jet Lead 
in Air Detector (Cour- 
tesy Union Industrial 
Equipment Corporation). 
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detectors and test kits in the hope they will 
help him find answers to his problems. This 
basic situation is probably the principal rea- 


son why detectors and test kits are finding 
more widespread use in industry. I do not 
mean to imply, however, that safety men 
are the only users of detectors and test kits 
in industry. Miller,? at Eastman Kodak, 
reports that new types of instruments of 
this kind are being tried out routinely in 
their extensive environmental health pro- 
gram. 

Management indirectly promotes this use 
of detectors and test kits by its own increas- 
ing knowledge of industrial health prob- 
lems. It has learned to rely more and more 
on scientific methods that can be brought 
to bear upon the solution of problems in 
production and expects the same diligent 
application to industrial hygiene problems. 
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Fig. 9.—Davis Toxic 
Detector (Courtesy 
Davis Emergency Equip- 
ment Company). 


Gas 


An enlightened management now asks and 
wants to know, “What is the exposure? Is 
it continuous? How harmful is it? Can it 
be measured?” The last question poses the 
challenge to obtain data for data means a 
point from which to proceed. 

At the same time management is much 
more alert to and aware of the rising costs 
of installations including extensive exhaust 
ventilating systems. In this area especially, 
it is not apt to be swayed by opinion as 
much as convinced by facts. This places an 
added burden upon the hygienist or safety 
man to utilize equipment that can obtain 
factual data for presentation in the shortest 
possible time. 

Spurred by this acceptance, manu factur- 
ers of detectors and test kits have been 
willing to take on new problems. The for- 
midable foe of industrial hygienists for 
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many years, air-borne lead, has finally suc- 
cumbed to field determinations. Every in- 
dustrial hygienist who has ever carried an 
electrostatic precipitator has had the occa- 
sion to collect atmospheric samples for lead 
in one of its physical states or for lead 
compounds. The procedure has always been 
to submit samples to laboratory analysis 
because the dissolution of lead, its separa- 
tion and final determination have always 
been sufficiently laborious and complex to 
require laboratory procedures. 

The initial work undertaken by Amdur 
and Silverman, followed by McConnau- 
ghey,* Quino,® and others, has led to the 
development of test kits for the quantitative 
estimation of lead in air. The kits leave 
something to be desired but they do repre- 
sent a break-through in the evaluation and 
control of a respected and ubiquitous health 
hazard. No doubt refinements will be forth- 
coming and the kits will be of considerable 
value in the protection of workers against 
the insidious toxic effects of this element. 

The rapid development of boron hydrides 
as a source for more powerful fuels and 
propellants presented a new health hazard 
to those employed in manufacturing and 
handling this compound. The rapid absorp- 
tion by inhalation, the marked susceptibility 
of the nervous system, and the lack of im- 
mediate warning symptomatology are major 
factors in borane toxicology. This is a 
typical example of a challenging new indus- 
try with its attendant health hazards that 
must be recognized and evaluated immedi- 
ately. There is no better way of doing so 
than ample testing of the atmosphere with 
a detector that will supply information at 
once as to the degree of severity of an expo- 
sure. The challenging industrial hygiene 
problem has been met with the development 
of a test kit that is currently available for 
this purpose. 

The development of unsymmetrical-di- 
methyl hydrazine as an improved fuel for 
rocket engines also poses another potential 
health hazard. Extremely low concentra- 
tions are irritating to mucous membranes, 
setting up a physiological response wherein 
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the nose cannot be relied upon to detect 
increasing concentrations. Complete clinical 
studies not being available, good industrial 
hygiene practice dictates that immediate 
warning of potentially dangerous concen- 
trations should be made available. Conven- 
tional air sampling methods and analysis 
involve too much of a delay when data is 
required for immediate evaluation and the 
best recourse is to use available test kits 
for this purpose. 

2. Detectors and Test Kits Furnish Im- 
mediate Information on Hazardous Condi- 
tions—In the course of any industrial 
hygiene investigation there is a certain 
amount of impatience frequently expressed 
in waiting for laboratory findings on air 
samples collected in the field. As a result 
many field investigators prefer to use de- 
tectors and test kits instead of conventional 
air sampling and analysis procedures. It 
must be admitted there are a number of 
advantages to “on the spot” data, especially 
when applied to very toxic substances that 
are odorless or possess odors that are not 
unpleasant when inhaled. For example, 
workers may be exposed to hazardous con- 
centrations of arsine, carbon monoxide, 
hydrogen cyanide, nickel carbonyl, aniline, 
nitrobenzene, inorganic compounds of toxic 
heavy metals, certain halogenated hydrocar- 
bons, etc., without experiencing immediate 
discomfort. Other gases and vapors may 
cause varying degrees of annoyance but are 
not necessarily disabling until a sufficient 
quantity has been inhaled. In this category 
are oxides of nitrogen, certain nitriles, 
hydrogen sulfide, phosgene, and others. 

It is through the use of detectors and test 
kits that dangerously high concentrations 
of air-borne substances can be found im- 
mediately and appropriate corrective meas- 
ures taken. It is encouraging to find such 
progress being made and it would be even 
more assuring to have “on the spot” meth- 
ods available for all highly toxic air-borne 
dusts, gases, vapors, and mists. 

Although our current MAC values are 
associated with 8-hour exposures, there is 
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a fallacy in assuming that all exposures are 
continuous over an eight-hour period. In- 
termittent exposures to air-borne dusts, 
gases, vapors, and mists probably occur 
more often in industry than do continuous 
exposures. Some years ago the writer noted 
the importance of this variance in the chem- 
ical industry and began to develop test kits 
and simpler analytical procedures to evalu- 
ate intermittent exposures.®* King * related 
the importance of this concept and empha- 
sized the need for more attention along this 
line in the aircraft industry. In reports on 
toxicity studies of organic solvent vapors 
toxicologists are attempting to point out 
concentrations that should 
ceeded. Gerarde,® of Standard Oil, has 
undertaken further toxicological studies 
along this line. Should any findings ulti- 
mately disclose that information on high 
intermittent concentrations is very valuable 


never be ex- 


and denotes good industrial hygiene practice, 
greater reliance will have to be placed upon 
detectors and test kits. The implication here 
should be emphasized. It means we may 
have to revise our air sampling techniques. 
This does not mean eliminating all concepts 
of conventional air sampling but it does 
mean we may have to include methods that 
will satisfy these new requirements through 
the use of rapid testing field instruments. 

In an excellent report on exposures to 
toluene diisocyanate in the production of 
polyurethane foam, Walworth’ reported 
at least 1,000 air samples were taken for 
TDI by conventional air sampling tech- 
niques within a 17-month period. An anal- 
ysis of the medical records, however, 
revealed a lack of correlation between the 
magnitude of TDI vapor exposure and the 
appearance of respiratory cases. One of 
the possible reasons cited for this lack of 
correlation was brief exposures to relatively 
high TDI concentrations during periods of 
generally low average concentrations. It 
was further stated that the integrating sam- 
pling method used would not indicate short 
peak concentrations. This statement further 
supports the belief that more attention 
should be given to evaluating the extent of 
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short term exposures to higher concentra- 
tions of solvent vapors. Other than an 
expensive recording device, the approach is 
frequent sampling with a manually operated 
test kit to determine the peak concentra- 
tions. 

To extend this line of thinking, detectors 
and test kits are useful devices for investi- 
gating complaints which in the light of past 
history appear to be groundless. The writer 
can recall an episode in which operators 
were complaining about the concentration 
of an irritating gas in a workroom atmos- 
phere. Prior to the complaint, many sam- 
ples had been taken and analyzed by 
conventional means and the concentrations 
found were below the maximum allowable 
concentration. However, repeated and more 
painstaking sampling during the operation 
with a test kit sampling procedure disclosed 
intermittent high concentrations resulting 
from the sporadic release of gas from an 
unexpected source. These peak concentra- 
tions were causing the complaints and were 
not detected when integrated into an aver- 
age finding by the conventional air sampling 
method that was previously employed. 

The picture that has been presented on 
the use of detectors and test kits for indus- 
trial hygiene investigations, thus far, has 
been favorable. However, we would be 


remiss in our responsibilities as hygienists 
if we ignored certain conditions under 
which the use of detectors and test kits for 


field determinations have certain 
drawbacks. 

For example, if an investigator does not 
approach a problem in an experienced man- 
ner and uses a kit that has no professional 
appearance his efforts may only succeed in 
causing loss of respect for his own ability 
and the kit’s capability of performing an 
important function. Indeed, a casual use of 
a detector or test kit could convey the im- 
pression that a few squeezes of a rubber 
bulb and a quick glance at a color chart are 
all that is required to solve what may really 
be a complex problem in environmental 
health. Simplification in the performance 
of a difficult test is really appreciated only 


might 
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by those who are aware of the complexities. 
Moreover, the indiscriminate recommenda- 
tion of detectors and test kits may result in 
too many kits getting into the hands of in- 
experienced personnel who in turn may put 
them to ridiculous uses. Following the 
acquisition of data, the resulting course of 
action may cause more consternation than 
if the kit had not been used at all. Suppliers 
of detectors and test kits are continually 
making claims that nontrained and inex- 
perienced personnel will have no difficulty 
in using the kits. However, experience in- 
dicates that it would certainly be better to 
at least have a trained person monitor their 
use in any extensive program. 

Even assuming that test kits find their 
way into the hands of inexperienced, yet 
responsible and conscientious personnel, the 
sampling location, the proper time to sam- 
ple, and the number of samples to be taken 
are details that have considerable bearing 
upon the outcome of the investigation. The 
vagaries of human behavior during an in- 
dustrial operation are sometimes thought 
provoking as well as dust provoking and 
very often, more tact, understanding, and 
diplomacy go into air sampling than can be 
found in the instructions on the label of a 
gas detector. 


In addition, the chemical and mechanical 
aspect of test kit usage should be thor- 
oughly understood. Campbell, of Los 
Alamos, has made a study of certain factors 
affecting the validity of detectors and test 
kits and is preparing this information for 
publication. He makes particular reference 
to such factors as air volume, rate of air 
flow, humidity, and size of surface area 
exposed as markedly influencing the reac- 
tion between the contaminant and _ the 
reagents. It should be noted that color de- 
velopment on filter papers may be adversely 
affected in dusty atmospheres, and of 
course, a combination of gases and vapors 
may give erroneous results when the test 
is being made for only one. It is certainly 
the responsibility of manufacturers to point 
out all possible interferences with a test at 
least to the best of their knowledge. Even 
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the NBS carbon monoxide indicator, one 
of the best detectors ever developed is sub- 
ject to interferences from oxides of nitro- 
gen under certain conditions of use.’ 

Last but not least, the interpretation of 
air sampling results must reflect an experi- 
enced approach to the ‘industrial hygiene 
problems that manifested the need for the 
investigation. As indicated above, much 
more goes into the picture presented to 
management than a few tubes of colored 
granules or strips of stained paper. Man- 
agement, who pays the bills, deserves the 
assurance that the proper tests have been 
selected so that the results are not additive. 
Those intangible effects such as an over 
zealous operator who causes more libera- 
tion of a gas to occur so the results will be 
higher are quietly observed and placed in 
their proper perspective by experienced hy- 
gienists. At the same time a knowledge 
of the operation must be considered in con- 
junction with air sampling results to deter- 
mine if the operation has been reduced in 
magnitude owing to cutbacks in production 
or reduced demand. Such action could give 
very low results in the air samples taken 
but would not represent the conditions of 
exposure under optimum operation. 

If all these considerations are regarded 
as valid, it occurs to me that recourse might 
be made to some independent agency to 
evaluate detectors and test kits and issue 
periodic reports. Various governmental 
agencies and technical societies are in the 
process of testing and recommending ac- 
ceptable methods for sampling and analysis. 
Perhaps this could be made a part of their 
program. A reliable agency approving a 
test kit as being satisfactory for what it is 
supposed to do would enhance the prestige 
of the kit and dispel doubts concerning its 
application and use. 

[ firmly believe that test kits will con- 
tinue to play a dominant role in the evalu- 
ation of health hazards. The point is to 
prevent their becoming the hope of the 
safety man, the despair of the purists and 
the dilemma of the industrial hygienist. Our 
profession cannot tolerate such three headed 
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monsters. Cooperative efforts on the part 
of manufacturers and users will eventually 
help detectors and test kits achieve the in- 
strumental class distinction to which they 
rightfully belong. Reasons have been given 
as to how they could take a decisive part 
in future investigative work instead of be- 
ing relegated to an emergency instrument 
for preliminary investigations. 

It must be remembered that when we 
hold an air sampling device in our hands, 
we may also hold the life of a fellow human 
being. They both deserve the best we have 
to offer. 


Summary 


The improvements and versatility found 
in detectors and test kits are a natural out- 
growth of miniaturization of conventional 
air sampling equipment. Test kits are being 
used more and more in industrial hygiene 
investigations because they are relatively 
inexpensive, they appeal to nontechnical 
personnel, and are capable of detecting haz- 
ardous concentrations immediately so that 
corrective measures can be taken. Instances 
of actual application of test kits have been 
described and future applications have been 
indicated. However, all users are admon- 
ished that test kits are subject to interfer- 
ences, the findings are frequently estimates 
only, and abuse is possible in the hands of 
nontrained personnel. Hence, the selection 
and use of a detector or test kit should be 
accomplished with professional appreciation 
of the entire industrial health problem in- 
volved. 

The author wishes to express his appreciation 
for the assistance and cooperation received in the 
preparation of this paper from the Mine Safety 
Appliances Company, Davis Emergency Equip- 
ment Company, Inc., Union Industrial Equipment 
Corporation, Drager Company, Research Appli- 
ance Company, Safety Supply Company, Gelman 


Instrument Company, Compact Air Samplers, 
Kem-Tech Laboratories. 
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New Analytical Techniques for Industrial Hygiene 


ROBERT G. KEENAN, M.S., Cincinnati 


During the past 10 to 15 years there has 
been a steadily increasing effort to provide 
analytical chemists with more sensitive, 
more accurate, and less time consuming lab- 
oratory procedures. This effort has resulted 
not only in marked improvements in in- 
strumentation but also in the development 
of new techniques which are serving as 
powerful tools in the chemistry laboratory. 
Some of these techniques have found a 
made-to-order application in the industrial 
hygiene laboratory, where the accurate anal- 
ysis of trace quantities of toxic substances 
is a primary objective to ensure valid data 
for our survey and research reports. In this 
paper, I shall discuss a number of tech- 
niques which, alone or coupled with existing 
laboratory procedures, are being used ad- 
vantageously by industrial hygiene chemists. 


Ion Exchange Resins 


One of the most valuable techniques de- 
veloped in recent years is that involving 
the use of synthetic organic ion exchange 
resins. The physical and chemical proper- 
ties of these strongly basic or strongly acidic 
resins have been studied extensively to 
facilitate the selection and use of the proper 
resin for a particular application.'** The 
properties of particular interest to the 
chemist include stability, relative basicity 
or acidity, exchange capacity, relative se- 
lectivity for different monovalent and 
polyvalent ions, and the effect of variations 
in’ mesh and cross linkage. These 
resins, with their selective adsorption char- 
acteristics and their property of insolubility 
in common solvents including water, are 
being used in the analytical laboratory to 
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Acting Chief, Analytical Services, Department of 
Health, Education, and Welfare, Public Health 
Service. 


separate desired constituents, even at the 
trace element level, from other unwanted 
substances present in reagents or in sample 
solutions. The potentialities of this technique 
are being recognized in the industrial hy- 
giene laboratory where the isolation of de- 
sired elements from interfering or inert 
substances can provide a separation and 
concentration to obtain greater sensitivity 
and accuracy. 

Two typical applications of this technique 
are now established procedures in our lab- 
oratory. The first is the use of an anionic 
exchange resin to remove completely the 
lead present in solutions of normal blood 
ash and in chemical reagents used in the 
preparation of spectrographic standards. For 
several years we had been unsuccessful in 
our attempts to purify these substances with 
a dithizone extraction. The contribution of 
the residual lead present in the combination 
of reagents used to make up the standards 
provided an undesirably high blank value 
to our spectrographic method for lead in 
blood. On searching the literature, we found 
the ion exchange procedure of Johnson and 
Polhill,* who employed an anionic exchange 
resin to separate lead from most other ions 
present in 1 N hydrochloric acid solutions 
of ashed food samples. Using this procedure 
and with a single pass through the ion 
exchange column, we now reduce the lead 
content of blood ash and_ spectroscopic 
buffer reagent (LiCl) solutions to a spec- 
troscopically undetectable level. With this 
treatment we can now prepare standard 
samples whose lead content is controlled 
precisely throughout the working range of 
the method. 

The second application of ion exchange 
resins is the separation of fluoride from 
unashed biological samples. Melvin, Yeager, 
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and Cholak® have successfully applied the 
anionic resin, Duolite A-41, in the acetate 
form to the separation of fluoride from 
blood serum. The fluoride ion is removed 
from the column by elution with sodium 
acetate and then determined by a conven- 
tional colorimetric procedure. Upon discus- 
sing with these investigators the operating 
details of their procedure, we decided that 
the extension of this technique to urine 
samples should be feasible. However, after 
extensive experimentation in our laboratory, 
Talvitie and Brewer concluded that the 
acetate column and eluting reagent did not 
provide a complete separation of fluoride 
from the interfering substances which occur 
in urine. The latter investigators have de- 
veloped a procedure,® using Dowex 1 in the 
hydroxide form as the anionic exchange 
resin, which provides a quantitative separa- 
tion of fluoride from the other constituents 
of urine. Recoveries of fluoride exceeding 
90% are obtained consistently from the 
column, using 0.3 N sodium hydroxide as 
the eluting reagent. 

The practical advantages of these ion 
exchange procedures for fluoride should be 
obvious to all industrial hygienists familiar 
with the time required by the ashing and 
distillation steps of the conventional method. 
Ion exchange procedures can also eliminate 
the need of investing in expensive platinum 
evaporating dishes and special stills for 
fluoride analyses. The equipment required 
for the ion exchange separations consists 
of a set of relatively inexpensive chromato- 
graphic tubes and the chemical reagents, 
items which the most modest laboratory 
can acquire. 


Radioactive Isotopes 


The next technique I wish to discuss 
briefly is the use of radioactive isotopes in 
tracer experiments to evaluate analytical 
methods. With the increased availability of 
the radioisotopes of many elements in re- 
cent numerous investigators have 
taken advantage of the tracer technique of 
monitoring analytical methods to calculate 
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the errors and losses of the separate steps 
of their procedures. The technique is rapid 
and readily applicable to solutions or resi- 
dues assuming, of course, that counting 
equipment is available. In our laboratory we 
have started using radioactive isotopes to 
evaluate the over-all and stepwise errors of 
some of our methods. 

An extensive amount of experimentation 
with analytical procedures can be performed 
with a small supply of the appropriate iso- 
tope. Thus, the quantity on hand in the 
laboratory can be limited to an amount 
which does not require special licensing for 
its use. Data on the characteristics of the 
isotopes, including the radiation energies of 
the beta or gamma emission, are provided 
by the supplier and are used in calculating 
the expected rate of disintegration. This 
simplifies the estimation of the quantity 
needed for the proposed experimental work. 

The radiotracer method can provide a 
degree of sensitivity which is thousands of 
times that offered by chemical and spectro- 
graphic methods. Thus, even minute losses 
of an element can be readily measured. In 
our evaluation of the accuracy of the spec- 
trographic methods for beryllium we found 
that a 1,250:1 ratio of sensitivities of the 
radiotracer to the spectrographic procedures 
was obtained when a portion of the sample 
taken for counting averaged 100 counts per 
minute. 

In applying this method to replicate sets 
of sample materials, we have obtained a re- 
markably high degree of reproducibility in 
the radioactive tracer determinations con- 
ducted on corresponding precipitates and 
solutions. From the advantages presented, 
it is apparent that this technique provides a 
unique sensitivity and a rapid and inde- 
pendent means of evaluating new methods 
during development or testing existing pro- 
cedures. 


Gas Chromatography 


Gas or vapor phase chromatography is 
another relatively new technique which is 
proving to be extremely valuable in the in- 
dustrial hygiene laboratory. Several indus- 
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trial hygienists have published reports *! 
in which they recount their experiences 
with this method of separating and deter- 
mining the components of such complex mix- 
tures as organic solvents, paint and lacquer 
thinners, and atmospheric samples of mixed 
solvent vapors. In addition, all of these 
investigators have remained practical in 
their appraisals either by indicating where 
further study and developments are needed 
or by emphasizing the advantages to be 
gained by assimilating this technique with 
other analytical procedures. 

In applying gas chromatography to an- 
alytical separations, there are three basic 
techniques: (1) adsorption-elution chro- 
matography, (2) gas-liquid partition 
chromatography, and (3) adsorption-dis- 
placement chromatography. 

The adsorption-elution process involves 
the repetitive adsorption and desorption of 
the vapor components of a sample which 
has been injected into the stream of a car- 
rier gas flowing at a constant rate through 
a column packed with a solid adsorbent, 
such as silica gel or activated charcoal. If 
the length of the column is sufficient, com- 
plete separation of the vapors can be made, 
the component with the least affinity for the 
adsorbent reaching the exit of the column 
first. 

Gas-liquid partition chromatography ef- 
fects the separation of volatilized substances 
by taking advantage of the different affini- 
ties of their vapors for a high boiling liquid 
coating on an inert, finely ground, support- 
ing material. With this technique the separa- 
tions are reportedly sharper than with the 
adsorption-elution process. 

Adsorption-displacement chromatography 
utilizes a displacing vapor in the carrier 
gas to remove the sample components pre- 
viously adsorbed on the column. This tech- 
nique is more applicable to the separation 
of the major components of a_ solvent 
sample but is also adaptable to the separa- 
tion of low concentrations of organic vapors 
in atmospheric samples. 

Talvitie? has combined the adsorption- 
displacement and the gas-liquid partition 
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processes to effect the analysis of mixtures 
of organic vapors in the atmosphere. With 
this method, the vapors are collected in the 
field on a solid adsorbent from which they 
are displaced in the laboratory to a gas- 
liquid, displacement column for separation 
and quantitative analysis of their individual 
components. This procedure is applicable 
to vapor concentrations at or below their 
Threshold Limit Values. Also, with the 
small sample requirements of gas chro- 
matography, this method provides the addi- 
tional advantage of short sampling periods 
so that peak exposures can be evaluated. 

A different approach for the successful 
analysis of organic vapors in the atmosphere 
has been made by Mansur, Pero, and 
Krause.® These investigators had observed 
that laboratory grade methanol passed quite 
rapidly through the chromatographic column 
of their commercial instrument and also 
that the region of working interest follow- 
ing the methanol was free from other sub- 
stances. These findings suggested the use 
of methanol in a midget impinger for 
sampling solvent vapors which have a 
greater retention time in the chromato- 
graphic column than methanol. Working 
with known concentrations of organic sol- 
vent vapors in an experimental chamber, 
these investigators have developed a chro- 
matographic procedure for the separation 
and quantitative analysis of the vapor sam- 
ples collected at their Threshold Limit con- 
centrations. 

In addition to the analysis of organic 
vapor samples, the gas chromatograph is 
being used to help solve a diversity of in- 
dustrial hygiene problems. In its ability to 
isolate in a pure state the components of 
liquid and gaseous sample materials, the 
gas chromatograph is enhancing greatly the 
usefulness of infrared and ultraviolet spec- 
troscopy, as well as other physical and 
chemical procedures used for positive iden- 
tification and analysis. Also, rapid testing 
for the purity of reagents is now possible 
with this new technique. 

In the applications reported in this paper, 
the various investigators have used a dif- 
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ferential thermal conductivity cell as the 
detector whose electrical output is measured 
by a recorder. With more sensitive detectors 
now becoming commercially available, we 
can look forward to increased application 
of the gas chromatograph in the industrial 
hygiene laboratory. 


Nitrogen Dioxide Equivalent Method 

for Ozone 

The lack of a specific method for ozone 
in atmospheres containing variable quanti- 
ties of oxidizing and reducing gases has 
concerned us for several years. This con- 
cern is reflected in the extensive efforts de- 
voted to the modification and evaluation of 
the iodometric methods for this substance. 
After investigating a considerable variety 
of iodide mixtures and organic reagents, 
Saltzman and Gilbert concluded that a spe- 
cific method for ozone based upon the use 
of aqueous reagents appeared unlikely." 
Instead, they made a radically different ap- 
proach to this analytical problem, using the 
gas phase reaction of ozone with nitric oxide 

Os++-NO> O2+NOsz (1) 
to produce an equivalent amount of nitrogen 
dioxide, which is then determined analyti- 
cally by Saltzman’s method for this sub- 
stance!” 

The gas phase reaction has been made 
analytically specific for ozone by using a 
controlled small excess of nitric oxide in 
a dynamic flow system and by adopting the 
minimum flow reaction time which permits 
this extremely rapid reaction to go sub- 
stantially to completion. A secondary reac- 
Os+2NO2 02+N:20s (2) 
is suppressed by two factors: (1) its 
kinetic rate is only 0.4% as fast as that of 
the ozone-nitric oxide reaction and (2) the 
primary reaction is favored by the higher 
concentrations of NO in the system. 


tion 


Serious negative interferences with the 
iodometric methods for ozone include dust, 
hydrogen sulfide, and sulfur dioxide. Posi- 
tive interference is provided by many inor- 
ganic and organic oxidants with iodine. The 
nitrogen dioxide equivalent method has been 
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subjected to critical testing in the labora- 
tory by evaluating the interfering effect of 
these different substances. The method has 
been shown to provide highly accurate ana- 
lyses of 0 to 20 ppm concentrations of 
ozone in the presence of 10 to 100 fold 
ratios of HeS and SOs to ozone. Certain 
organic oxidants, present in the same con- 
centration range as ozone, produced no 
interference. In view of the promising data 
obtained with this method in the laboratory, 
Saltzman has designed and constructed a 
portable unit '' which will permit applica- 
tion of the method in the field. Also, it is 
believed that the method should be adapt- 
able to incorporation in recording air analyz- 
ers because of the dynamic flow design of 
the system. 


X-Ray Spectrography 


The x-ray emission (fluorescent) spectro- 
graph, like the optical emission instrument, 
is used to detect and determine elements. 
The optical emission spectrograph, by means 
of a prism or diffraction grating, arranges 
according to wavelength the characteristic 
radiations of light emitted by the thermally 
or electrically excited atoms and ions from 
a sample material. In the x-ray spectrograph 
the sample is exposed to a strong beam of 
polychromatic x-rays. This primary radia- 
tion is absorbed by the various chemical 
elements which then emit their characteristic 
fluorescent x-radiation. fluorescent 
yield, or the probability that an excited atom 
will produce fluorescent radiation, increases 
with the atomic number of the elements.'* 
Hence, in a complex sample, all atoms will 
not emit with the same efficiency. More- 
over, the intensity of fluorescent emission by 
one element is affected by the other elements 
present. This effect of enhancement or sup- 
pression of the spectra of elements by 
changes in the composition of a sample ma- 
trix has long been recognized in optical emis- 
sion spectrography where these undesired 
variations are minimized by spectroscopic 
buffers and the internal standard technique. 
In applying x-ray spectrography to analyt- 
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ical problems, it is important that the 
chemist remain alert to this situation and 
take suitable corrective measures as indi- 
cated. Kokotailo and Damon ™ found that 
selenium was an effective internal standard 
in determining bromine present in liquid 
hydrocarbon samples in the range of 0.01% 
to 0.4% by weight. These investigators 
chose selenium, which is adjacent to bro- 
mine in the periodic table, not only because 
the fluorescent yields and absorptive prop- 
erties of these elements are almost identi- 
cal but also because of the proximity of their 
respective fluorescent emissions. In working 
with less complex samples, an internal 
standard may not be required. 

A practical application of x-ray spectro- 
graphy to industrial hygiene analyses has 
been made by Hirt, Doughman, and Gis- 
clard.14 These investigators have analyzed 
successfully lpg. to 100ug. quantities of 
heavy metal elements in airborne dust sam- 
ples collected during environmental surveys. 
The samples are collected on glass fiber filter 
discs in operations involving the manufac- 
turing, processing, or packaging of catalysts, 
ores, and pigments. The filters containing 
the collected samples are sprayed with an 
acrylic resin before removal from the sam- 
pler to prevent loss of dust from the filter 
before analysis. The 2.4 cm. filter discs in 
glassine envelopes can then be mailed to the 
laboratory without disturbing the dust de- 
posit. An aluminum sample holder supports 
and centers the sample filter disc in the 
primary beam of the x-ray spectrograph. 
The counting rate of the fluorescent x-ray 
is calculated at the desired analytical wave- 
length. This value is then corrected by the 
background count, made 1 or 2 degrees from 
20, the setting for the analytical count. The 
number of micrograms of the element is 
read from a calibration curve prepared from 
a series of standards. In discussing their 
standardization of the method, the investi- 
gators describe their technique for obtain- 
ing uniform deposits of an element on its 
series of filter disc standards. 

At the time of the report in 1956, the 
method had been used successfully for the 
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analysis of field samples for such elements 
as vanadium, chromium, nickel, platinum, 
and mercury. A great advantage offered 
by this direct analytical method is the re- 
porting of results on the same day that 
samples are received in the laboratory. The 
sensitivity of the method varies with the 
elements and instrumental operating con- 
ditions. In the report under discussion, a 
sensitivity of less than lug. was obtained 
with five of the nine elements studied. 

At the present stage of development and 
considering the points made in the above 
discussion, it is evident that the x-ray 
spectrograph can be used advantageously 
in those industrial hygiene studies where 
either complex samples are not involved or 
where an internal standard technique may 
be developed to provide the desired accura- 
cy. 


LiCl Buffer for Emission Spectroscopy 


The emission spectrograph is no new- 
comer to the field of industrial hygiene. Its 
unrivalled specificity and its remarkable 
sensitivity for the detection and determina- 
tion of metallic and metal-like elements have 
been recognized for many years. With the 
increasing number of industrial hygiene 
laboratories acquiring spectrographic instru- 
ments recently, it seems appropriate to dis- 
cuss our experiences with a spectroscopic 
buffer which has proved to be extremely 
useful. 

A spectroscopic buffer is an inorganic 
salt whose principal functions are to reduce 
the matrix effect and to provide a uniform 
distillation of the desired elements into 
the are stream, when are excitation is em- 
ployed. The‘ combination of . metallic and 
nonmetallic elements in the electrode charge 
of the sample is referred to as the sample 
matrix. Variations in the composition of 
samples affects the intensities of the spectra 
of the constituent elements. Therefore, 
serious errors can result in quantitative spec- 
trography unless the matrix effect is mini- 
mized, The conventional method for reducing 
this effect has been the dilution of the 
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sample with a spectroscopic buffer material. 
Numerous substances, such as_ synthetic 
urine ash, potassium sulfate, calcium car- 
bonate, lithium carbonate, and aluminum 
oxide, have been used successfully. In our 
laboratory }*1*!7 we have found that a mix- 
ture of lithium chloride and graphite is 
widely applicable to industrial hygiene sam- 
ples and provides the following practical ad- 
vantages: 

1. The 1:2.5 parts by weight mixture of 
LiCl :graphite remains as a porous charge in 
the electrode crater, even after the addition 
of samples in solution form and drying at 
105 C. 

2. This buffer suppresses the formation 
of cyanogen bands and background, thereby 
increasing the detectability of the spectra 
of trace elements. 

3. With its excellent burning qualities, its 
porous charge, and the steadiness which it 
imparts to the direct current arc, it enhances 
the production and increases the intensity of 
trace element spectra. Sensitivities of 0.0005 
ng. of beryllium and 0.005yg. of cobalt, lead, 
and vanadium in the electrode charge are 
obtained routinely in our quantitative 
methods. 

4. This buffer works equally well in 
quantitative methods for all of the trace 
elements, regardless of their individual vola- 
tilities. The exposure conditions with this 
buffer include the operation of a 9 amp., 220 
volt direct current are with a 5 or 10 mm. 
analytical gap. The sample electrode is the 
anode. 

5. Spectroscopic exposure is usually con- 
ducted until lithium chloride burnout, evi- 
denced easily by the disappearance of the 
red color from the arc. Approximately 5 mg. 
portions of the buffer burn about 40 sec- 
onds. By this time elements with the inter- 
mediate volatility of lead, cobalt, vanadium, 
and nickel are burned out also. A 10 mg. 
charge burns 80-90 seconds, by which time 
beryllium chloride has been volatilized. 

The advantages which we have observed 
consistently with this buffer mixture during 
the past eight years have led us to incor- 
porate it in all of our spectrographic 
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methods. The metallic constituents of the 
samples are generally converted to their 
chlorides by treatment of the ashed resi- 
dues with hydrochloric acid prior to dis- 
solution and spectroscopic exposure. A 
typical application of this buffer is provided 
in our quantitative method for cobalt.’ 


Summary 


The newer analytical techniques discussed 
in this paper have been selected by the fol- 
lowing criteria: (1) They have been em- 
ployed successfully in industrial hygiene 
laboratories, and (2) it is anticipated that 
they will be extremely useful in other labora- 
tories where they have not yet been adopted. 
Each of the techniques has now been de- 
veloped to the stage where its expected 
value to a given industrial hygiene labora- 
tory can be fairly evaluated. There has, of 
course, been no attempt in this paper to 
relate the value of any technique discussed 
to cost of equipment. This is believed to be 
a matter which can only be resolved by 
considering a particular laboratory's future 
program and the needs to be served. 
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The Toxicology of the Mono- and Dicyclic Aromatic 


Hydrocarbons of Industrial Importance 


Summary 


HORACE W. GERARDE, M.D., Ph.D., Linden, N.J. 


The mono- and dicylic aromatic hydro- 
carbons and their alkyl derivatives are ex- 
tensively used in industry as (1) solvents 
for paints, plastics and pesticides, (2) con- 
stituents of motor fuels, and (3) starting 
materials for synthesis in the chemical in- 
dustry. These hydrocarbons are derived 
principally from coal and petroleum. The 
introduction of the catalytic reforming proc- 
ess in the petroleum industry has greatly 
increased the variety of alkyl derivatives 
of benzene available in commercial quan- 
tities. 

An extensive study in our Rutgers 
laboratory on a large number of alkyl de- 
of benzene indicates that the 
myelotoxicity of benzene is unique among 
hydrocarbons. This is in agreement with 
intensive studies conducted on individual 
alkyl derivatives (toluene, ethylbenzene, 
styrene, vinyltoluene, cumene) in other lab- 
oratories in this country and abroad. 

The mono-alkyl derivatives of benzene 
are metabolized principally by oxidation and 
degradation of the side chain to water solu- 
ble urinary metabolites which are eliminated 
principally as conjugates of glycine or glu- 
curonic acid. The biotransformations of the 
poly-alkyl derivatives involve side chain and 
ring oxidations depending on the orientation 
of the substituents in the ring. This is best 
illustrated by the isomers of diethylbenzene. 
A blue water-soluble metabolite is found in 
the blood, urine, and tissues of rats dosed 
with 1,2 and 1,3 diethylbenzene, but not 
with the 1,4 isomer. The ortho and meta 
isomers also increase the excretion of uri- 
nary ethereal sulfate, indicating that hy- 
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droxylation of the ring has occurred. These 
metabolic abnormalities in urinary sulfate 
excretion are not found after dosing with 
the para isomer of diethylbenzene. This 
basic biochemical knowledge may form the 
basis for the future development of tests 
for exposure to alkyl derivatives of benzene 
under actual working conditions in indus- 
try. 

The most important dicyclic aromatic 
hydrocarbons of industrial importance are 
naphthalene, alkyl-naphthalenes, diphenyl, 
tetralin, and indene. Naphthalene and tet- 
ralin have been shown to be cataractogenic 
for certain laboratory animal species. The 
difference in susceptibility to cataract for- 
mation may depend on metabolic differences 
in these animal species. The hemolytic ef- 
fects observed in animals after dosing with 
naphthalene are believed to be due to hy- 
droxyl derivatives of the hydrocarbon 
rather than the hydrocarbon itself. 

The dicyclic aromatic hydrocarbons in- 
crease the urinary excretion of ethereal 
sulfate subsequent to hydroxylation of the 
ring. In indene, the hydroxylation occurs at 
the cyclopentadiene ring rather than on the 
aromatic nucleus. It appears that substitu- 
tion of the naphthalene nucleus with single 
small alkyl groups (C,; and Cz) has much 
less influence on the metabolic pathway than 
comparable substitution on the benzene 
ring. This is based on the observation that 
there is an increased excretion of urinary 
sulfate in animals dosed with mono-methyl 
and mono-ethyl naphthalenes. Methyl and 
ethylbenzene do not increase the urinary 
excretion of ethereal sulfates. 


Medical Research Division, Esso Research and 
Engineering Company, Box 51. 
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JOHN F. MAHONEY, Rahway, N.J. 


The Food Additives Amendment became 
law in September, 1958. It is undoubtedly 
the most important legislation in the food 
field since the Federal Food Drug and 
Cosmetic Act of 1938. Its enactment has 
had a profound effect on those concerned 
with the development, manufacture, and use 
of food additives. The effect of the Amend- 
ment may be even more pronounced next 
March, when the provision dealing with 
food additives now in use becomes fully 
effective. 

Various scientific and trade associations 
have set up food additive committees to 
consider problems in this field and to keep 
their membership informed of developments. 
It should be kept in mind that, although the 
Food Additives Amendment is now law, 
the exact interpretation of many parts of 
the Amendment is still to be settled. 

The scope of the Food Additives Amend- 
ment is so broad that it includes a number 
of classes of substances which one ordinarily 
does not think of as food additives. In this 
paper some of the products which may fall 
under the provisions of the Amendment 
will be indicated. 

A recognition of the scope of the Amend- 
ment is important for several different rea- 
sons. First, March 5, 1960, is the end of a 
period provided by the law for industry to 
establish the status of those food additives 
now in use. Unless the additive is either 
authorized or exempted, it, and foods con- 
taining the additive, may be deemed adul- 
terated. Although FDA is empowered to 
extend this date by one year, it has indicated 
it will provide such extensions only on an 
individual basis. It would certainly seem 
regrettable for the use of a food additive 
to be jeopardized through ignorance of the 
law. 


“Merck & Co., Ine. 


Current Status of the Food Additives Amendment 


Also, the clearance of an additive for food 
use has become an expensive and time- 
consuming undertaking. It is very common 
for the dollars and the elapsed time required 
to establish safety and to develop a suitable 
analytical method to amount to several times 
those required to devise the additive, de- 
velop a manufacturing process, and show a 
commercially useful function in foods. The 
toxicologist and analytical chemist are play- 
ing much more of a leading role in product 
development and research planning than 
they did in the past. Their knowledge of 
what is required to satisfy the provisions 
of the Food Additives Amendment will add 
much to the success of the food additive 
development program. 

Let us look now at what a food additive 
is under the law. A very broad definition 
is first provided: “The term ‘food additive’ 
means any substance the intended use of 
which results or may reasonably be ex- 
pected to result, directly or indirectly, in 
its becoming a component or otherwise 
affecting the characteristics of any food.” 
Several exemptions to this definition are 
then provided, but let us look at the broad 
aspects first. 

1. The of the word ‘substance’ is 
significant. The food additive is not re- 
stricted to. well-defined chemicals. 


use 


2. The term ‘food’ is a broad one. It in- 
cludes solid foods as well as liquids, animal 
feed as well as human food. The animal 
does not have to be domesticated or even 
edible. 

3. The additive may get into food at any 
stage. The Act states that the term includes 
“any substance intended for use in pro- 
ducing, manufacturing, packing, processing, 
preparing, treating, packaging, transporting, 
or holding food.” 
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4. The definition includes any substance 
which may get into any food except through 
accident. It is not restricted to substances 
which are deliberately added to accomplish 
some specific function, such as the nutrients, 
flavors, sweeteners, stabilizers, and preserva- 
tives. The definition of food additive might 
therefore include such products as (@) a 
drug administered by injection to an animal, 
which leaves a residue in edible tissue; (0b) 
an ingredient in a food-packaging film 
which migrates into a food; (c) processing 
equipment which gradually wears away by 
contact with food. (d) Lubricants for food 
machinery which can get into foods. (e) 
dressing compounds used to prevent stick- 
ing to equipment during food-processing 
operations. 

5. In the case of these incidental addi- 
tives, the law and its regulation makes no 
provision for ignoring any minute quantity 
of additive because it is so small that it 
should be negligible. Strictly speaking, if 
there is a detectable residue, there is an 
additive. On the other hand, in certain 
specific areas it has been possible to reach 
agreement that safety of an additive is not 
a problem if its concentration falls below 
a certain level. 

6. Finally, the substance need not be 
present at all in the finished food providing 
its use at some point has affected the char- 
acteristics of the food. Packaging materials 
which simply affect the physical character- 
istics of the food, are, however, excluded 
by regulation. 

In addition to substances which may be- 
come components of food, the definition of 
food additive includes any source of radia- 
tion intended for use in food. Presumably, 
sources of radiation might include radio- 
active materials, x-ray and _ cathode-ray 
generators, ultraviolet lamps, and infrared 
bulbs. 

The Amendment exempts from the defini- 
tion of food additives those substances 
sanctioned previously under the Federal 
Food Drug and Cosmetic Act, the Meat 
Inspection Act, and the Poultry Products 
Inspection Act. It is important to recognize 


106/270 


that this exemption applies only to the spe- 
cific use sanctioned. For example, an addi- 
tive approved for use in meat by the M.1I.D. 
would not by virtue only of this be per- 
mitted in other foods. 

In the case of additives approved under 
the Meat Inspection Act and Poultry Prod- 
ucts Act, complete lists are available which 
have been reprinted in the December, 1958, 
edition of the Food Drug and Cosmetic Law 
Journal. In the case of additives sanctioned 
under the Federal Food Drug and Cosmetic 
Act, the situation is less clear-cut. 

There are in the various standards of 
identity promulgated by FDA a number of 
food components; their appearance in the 
standards constitutes approval for the uses 
indicated. In addition, however, FDA has 
by private correspondence also sanctioned 
the use of other food components based on 
confidential data supplied to FDA. We un- 
derstand that FDA does not plan to publish 
a list of these privately sanctioned food 
components. 

A second type of food component which is 
exempted are the pesticide chemicals ap- 
proved for use on raw agricultural com- 
modities under the Pesticide Chemical 
Amendment to the Federal Food Drug and 
Cosmetic Act. If, however, processing of 
the food causes a concentration of the pesti- 
cide residue such that its concentration in 
the ready-to-eat food is greater than the 
tolerance permitted in the raw agricultural 
commodity, the exemption under the Food 
Additives Amendment no longer holds. 

Food colors are also believed to be exempt 
under the Amendment because there is a 
separate section of the Food Drug and 
Cosmetic Act which deals with them. Inci- 
dentally, bills are before the Congress which 
would amend the provisions dealing with 
food colors. 

The final exemption under the Amend- 


ment are those substances generally recog- 
nized by appropriately qualified experts as 
being safe for their intended use in foods. 
This exemption is probably the most im- 
portant one and, at the same time, the most 
difficult to interpret. FDA has published 
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three tentative “white lists” of components 
believed to be exempt (Federal Register, 
Dec. 9, 1958; April 21, 1959; Dec. 31, 
1959), and the issuance of other tentative 
lists is expected. It has been emphasized 
that the tentative lists are very incomplete. 

The term “general recognition by ex- 
perts” is a relatively new one in food law, 
and there is at present no accepted pro- 
cedure by which this general recognition 
can be established. FDA has developed a list 
of several hundred names of persons sug- 
gested by appropriate scientific organizations 
and has asked for their comments on the 
substances in the two tentative “white lists.” 
How these comments will be treated has not 
been disclosed. It has been suggested that 
publication of toxicological studies in a 
scientific journal would constitute general 
recognition of safety, assuming that no ob- 
jection was taken to the publication and the 
conclusions in a reasonable period of time. 
Finally, it would appear that a procedure 
to develop general recognition of safety is 
something which could be carried out by 
industry without the participation of any 
regulatory agency. 

To sum up, then, the Food Additives 
Amendment includes in its scope just about 


Mahoney 


every substance which can get into human 
or animal food except by accident. Specific 
exemptions are made for those substances 
sanctioned or falling under the jurisdiction 
of other laws. Substances generally recog- 
nized as safe by qualified experts are also 
exempted. 


Approval for the use of new food addi- 
tives is initiated by filing a petition. The 
Amendment and regulations provide detailed 
instructions on how this is to be done and 
the type of information required. 

On March 6, 1960, there expires a transi- 
tion period which has been provided under 
the law for establishing the status of food 
additives which are now in use. Unless an 
additive has been approved or exempted, 
it is in danger of being ruled an adulterant. 
Since this expiration date is only about four 
months away, it is prudent for those in 
industry, particularly those who may anly 
incidentally deal with foods and food addi- 
tives, to determine if they have any sub- 
stances falling under the provisions of the 
Food Additives Amendment and take the 
necessary steps to protect their interests. 

Merck & Co., Inc. 
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Welcome to the Industrial Hygiene Foundation 
Annual Meeting 


GENERAL M. B. RIDGWAY, Pittsburgh 


Dr. Yant, Dr. Schrenk, Surgeon General 
Burney, Trustees, Ladies and Gentlemen of 
the Industrial Hygiene Foundation : 

In the tentative program of this series 
of meetings, which I saw last summer, there 
was the brief note, “Welcome,” followed by 
my name. In the intervening months this 
simplicity, which I very much liked, was 
somehow discarded, and I note that the pro- 
gram, which you undoubtedly received some 
time ago, announces an “Address of Wel- 
come.” 

The number of his words is no measure 
of the sincerity of a speaker. It would make 
no difference how long I might talk here, 
I could do no more than say, which I do 
with complete sincerity, that we welcome you 
to Mellon Institute and are honored that 


Chairman, Board of Trustees, Mellon Institute. 


you chose it as the site for your 
meeting and conferences. 


annual 


Under the vigorous and imaginative lead- 
ership and the management of Dr. Yant 
and Dr. Schrenk, we can be sure that the 
increasing number and scope of the prob- 
lems of industrial hygiene and environmental 
health will receive competent attention and 
on an ever-widening scale throughout our 
country. This is further evidenced by the 
presence here of the distinguished official 
of the federal government, the Surgeon 
General of the U.S. Public Health Service, 
Dr. Burney, and by the names of the very 
distinguished gentlemen on the program for 
these meetings, as well as by the broad 
coverage which their chosen topics insure. 

Again, may I express on behalf of Mellon 
Institute our warm welcome to all of you. 
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Foundation Facts 


H. H. SCHRENK, Ph.D., Pittsburgh 


The past year has been an important one 
for the Foundation and particularly with 
regard to our biological research laboratory. 
Although work was necessarily curtailed 
during the first two months of the year in 
moving to better-equipped and expanded 
facilities, activities have been at an accel- 
erated pace since the new quarters were 
occupied. Range-finding and other acute 
toxicity studies have been completed on 10 
compounds. The toxicity of these materials 
ranged from those that were highly toxic 
to some that were virtually nontoxic. Four 
other range-finding and acute toxicity stud- 
ies are in progress. 


Five major long-term research projects 
are being conducted. One deals with a study 
of the potential of certain substances to 
produce lung cancer. Another is concerned 
with the biological response to air-pollution 
particulate matter under various experi- 
mental conditions. The other projects deal 
with the pathogenesis of experimental tu- 
berculosilicosis, immunologic aspects of sili- 
cosis, and methodology. The information 
obtained to date in these systematic scientific 
investigations has added significantly to a 
better understanding of the underlying re- 
‘action of lung tissue to various chronic 
irritants and provided improved method- 
ology. 


Comprehensive microscopic examinations 
were made of human tissue from persons 
having potential exposure to industrial air 
contaminants. These studies were made to 
ascertain if any specific lung changes were 
associated with a particular agent. 

Field studies conducted by the Foundation 
included in-plant surveys, air-pollution sur- 


Managing Director, Industrial Hygiene Founda- 
tion. 


veys, and stack sampling. The in-plant 
surveys were concerned with dust in pottery 
and glass plants, beryllium in a metallurgi- 
cal plant, and lead in an alloying operation. 
The air-pollution studies pertained to sulfur 
dioxide, dust, odors, and stack discharge of 
gases and particulate matter. Laboratory 
studies included the determination of the 
effect of abrasive blasting on differential dis- 
integration and its effects on the ultimate 
composition of the abrasive material, evolu- 
tion of metallic vapors from an alloy material 
heated to moderately high temperatures, and 
evaluation of a detector for an organic 
compound. 

In response to letters and telephone in- 
quiries, information was provided on the 
toxicity of numerous substances, analytical 
procedures, engineering and medical control, 
and other problems relating to industrial 
hygiene and occupational health. 

Five papers were published in technical 
journals and seven have been accepted for 
publication. Three others have been sub- 
mitted for publication. A chapter on the 
pathology of the pneumoconioses is being 
prepared for a monograph on dust. 

1,337 abstracts 
were published in the /ndustrial Hygiene 
Digest. These abstracts added to the many 
others which the Foundation has accumu- 
lated over the years provide a storehouse 


During the past year, 


of information on industrial hygiene and 
occupational health. It is hoped that the 
members of the Foundation will utilize this 
source of information as well as other serv- 
ices of the Foundation to supplement their 
own technical staffs. 

The interest and activities of the Board 
of Trustees and its Executive Committee in 
the affairs of the Foundation has been most 
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helpful and is an encouraging factor in the 
future development of the Foundation. The 
technical committees also valuable 


contributions which are sincerely appreci- 
ated. The interest and support of the execu- 
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tive staff of Mellon Institute, and 
particularly Dr. William A. Hamor, is 
gratefully acknowledged. 


Industrial Hygiene Foundation of America, Inc., 
Mellon Institute, 4400 5th Ave. (13). 
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Civilization 
LEROY E. BURNEY, M.D., Washington, D.c. 


During the past decade the American 
people have expressed their mounting con- 
cern about the environment and health. They 
do not state their concern in those broad 
terms. Instead they direct anxious questions 
and protests to their physicians, legislators, 
and government officials on such concrete 
subjects as radiation, air pollution, water 
pollution, sanitation, and other conditions 
clearly associated with environment. In con- 
sidering a few of the health problems of our 
industrial civilization, therefore, | want to 
explore with you the challenge of our con- 
temporary environment. 

There is a tendency among students of 
the subject to attribute health problems 
arising from this environment to “acceler- 
ated technology” on the one hand and to 
“accelerated population increase and con- 
centration” on the other. It is recognized 
that these phenomena are probably inter- 
related, but we have incomplete scientific 
knowledge concerning the nature of the 
relationships and of their impact on human 
health. 

We do know that a period of rapid tech- 
nologic innovation may coincide with one 
of accelerated population increase but with- 
out appreciably accelerated concentration. In 
the first 100 years of our nation, for ex- 
ample, American industry was founded, 
railroads were built to span the country, 
steamboats to ply the oceans and inland 
waters, the population increased more than 
tenfold. Yet our economy remained primari- 
ly agricultural, our society predominantly 
rural, a country of wide, open spaces, a 
frontier society with little “accelerated con- 
centration.” A second period of rapid tech- 


: Surgeon General, Public Health Service, U.S. 
Department of Health, Education, and Welfare. 


Health in Human Communities of an Industrial 


nologic change—from about 1890 to 1940— 
was accompanied by increased concentration 
in the growth of cities but also by a decel- 
eration in the rate of population increase. 
In contrast with our American experience, 
many countries at present are experiencing 
an accelerated population increase and con- 
centration without appreciable technologic 
acceleration. 

For the past 20 years, the American popu- 
lation has been increasing at a considerably 
faster rate than in the decade preceding 
World War II. It is estimated that our 
continental population will exceed 235,000- 
000 by 1975. 

The rate of urbanization also has ac- 
celerated. It is predicted with considerable 
assurance that by 1975, we will have an 
unbroken metropolitan industrial area 
stretching along the Atlantic Coast from 
Boston to Norfolk, another stretching later- 
ally around the Great Lakes from Milwau- 
kee to Detroit, and a third on the Pacific 
Coast from San Diego to Seattle. Less con- 
tinuous but expanding aggregations are 
predicted for other urban areas in the South- 
eastern and Southwestern regions. 

Approximately three-fifths of the present 
population resides in metropolitan areas, 
where industry, commerce, finance, scientific 
and higher educational institutions, major 
medical centers, and cultural institutions al- 
so are concentrated. Hence, it is obvious 
that for some time to come both our prin- 
cipal health problems and our resources for 
their solution will be concentrated in metro- 
politan industrial communities. We can 
make this prediction solely on the basis 
of numbers of people in these areas without 
reference to recent and future technologic 
change. 
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The mere provision of public utilities, 
sanitation services, and housing in metro- 
politan areas, for example, is a massive 
environmental health problem today. It will 
increase in size and complexity as the proc- 
esses of urbanization and population growth 
continue. To realize that such a large pro- 
portion of our population is entirely de- 
pendent upon industrial technology for the 
means of subsistence is a sobering thought. 
many 
times every year in different parts of the 
country whenever a metropolitan power 
failure of more than a couple of hours’ 
duration occurs. Such episodes find the 


This dependence is demonstrated 


affected population without the equipment 
or skills to provide light, heat, or food in 
their homes. The disruption of a water sys- 
tem means health and sanitation problems 
of staggering proportions. 

These facts and reasonable predictions 
concerning population change in our coun- 
try do not begin to identify the problems 
of environment and health. To do so we 
must consider the intricate relationships of 
biological, technological, and social change 
in human communities. 

Technological innovation influences all as- 
pects of man’s environment—physical, bio- 
logical, and social. The impact may be 
directly beneficial to human health, as when 
modern methods of processing and refrig- 
eration made possible the preservation and 
distribution of a wide variety of nutritious 


foods. Technological change may adversely 
affect the health and safety of vulnerable 
groups in the population, as when deep- 


shaft mining became possible but for several 
hundred years men did not learn to recognize 
and cope with the hazards of dust in miners’ 
lungs. Or an innovation may operate in in- 
tricate ways both to reduce and to increase 
man’s risks to life and health. 

In the long perspective, however, tech- 
nologic change, itself, does not bring the 
blessing or the bane. It is how men use their 
science and technology that determines both 
immediate and long-range effects. 
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Time-Scales of Change 


The fact of change is the one unchang- 
ing fact of human life, whether we mean 
the life of an individual or the life of a 
community. The hazard for our industrial 
civilization is that in our enthusiasm for 
its dynamic power, we may ignore the dif- 
ferences in the time-scale of change in 
human biology, industrial technology, and 
social organization. The core of our en- 
vironmental health problem today and in 
the future is how to bring these strikingly 
different time-scales into a balance that will 
give our human communities some assur- 
ance of a better life and greater health 
protection in a period of rapid technologic 
change. 

Physicians, as biologists, know that in 
man they are dealing with an organism 
which has not changed perceptibly in funda- 
mental structure and physiology through- 
out the 10,000 to 20,000 years of observable 
record. The time-scale of biological change 
in man may be measured accurately by some 
future scientist. At present, medical re- 
search is trying to set some base-lines for 
his benefit, but we can make only crude 
estimates. 

We do not understand the slow and subtle 
changes in cells and tissues that occur in a 
person’s response to his environment from 
the moment of conception to the moment of 
death. At any period of life, these changes 
may influence a person’s chances for health. 
With respect to the genetic risk each human 
being carries, we are only beginning to sur- 
mise how many generations it takes for a 
lethal recessive gene to make its appearance. 
such as 
also to 
viruses, and certain chemicals, we have no 


Except in a very few instances, 
exposure to radiation, possibly 


scientific knowledge of what may start a 
mutation. can be 
swiftly by lethal exposures to micro-organ- 
isms, chemicals, radiation, mechanical trau- 
ma, and other environmental factors. These 
accidents, however, have not altered the slow 


Persons overwhelmed 


time-scale of biological change in man. 
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In sharp contrast, the time-scale of tech- 
nologic change has accelerated beyond the 
average man’s comprehension. Partington 
has observed, for example, that there were 
very few additions to man’s knowledge and 
use of materials for a period of about 3,000 
years (from the end of the Bronze Age to 
the emergence of modern science from the 
Medieval period). In this second half of the 
20th century, entirly new chemicals are be- 
ing introduced into American industry at 
the rate of 10,000 to 20,000 per year. Chemi- 
cal production is increasing at a rate of 
about three times that of total industry. 

Somewhere between the gradual pace of 
human biology and the head-long rush 
of technologic change falls the time-scale of 
social change. In the present period, it is 
perhaps in closer correspondence to the 
former than the latter. Certainly our Ameri- 
can civilization shows very little evidence 
of rapid change in social organization, but 
it must be left to historians of a future 
millenium to render judgment, for social 
scientists cannot predict the behavior of 
society with anything like the assurance that 
biologists and technologists can predict 
change in their fields. 


Community Organization and 
Environmental Health 


In our society, there is relatively little 
cultural lag in industrial technology ; that is 
to say, the time-lapse between invention and 
use of a new technique in American in- 
dustry is relatively short. Indeed much of 
our present industrial revolution owes its 
impetus to the application of scientific dis- 
coveries made within the 20th century—a 
remarkably short span in the history of 
technology. In contrast, our society has lag- 
ged far behind in making the changes in 
community organization essential to realiza- 
tion of the full benefits of technologic 
change—or for that matter, even to assure 
the essential protection from possible ad- 
verse effects. 


For example, significant traces of medi- 
eval law and political organization remain 


Burney 


embedded in the system of local government 
in many parts of our country. Industries 
and populations in many of our expanding 
metropolitan areas are expected to thrive in 
a community disorganization designed for 
a preindustrial agricultural society. When 
hundreds—literally hundreds—of separate 
political jurisdictions and thousands of vol- 
untary organizations are involved in a single 
metropolitan area, such basic requirements 
as water supply, sewerage systems, health 
and medical facilities, schools, and streets 
and highways can be provided only with 
difficulty and at unnecessarily heavy public 
expense. Neither industry nor the communi- 
ty can profit in such a setting. 

As a public health administrator, | am far 
more concerned about the lag in community 
organization than about the rapid techno- 
logic change. The adverse effects of environ- 
mental exposures can be avoided, or at 
least minimized, if the community is as well 
equipped with social tools and skills as in- 
dustry is equipped with production tools and 
management skills. 


Industrial and Community Health 


It is obvious to all of us, however, that 
there is a disparity between our capacities 
to create a healthful environment and our 
social skills to accomplish this purpose. 
Underlying this paradoxical situation is the 
American heritage. Our society has been 
created on a basis of opportunity and abund- 
ance. In encouraging the full operation of 
technologic progress, we have all too fre- 
quently disregarded the inroads of an in- 
dustrial civilization upon our human and 
natural resources. It is only recently, for 
example, that we have become concerned 
about the effects on human communities of 
harmful substances used in industrial proc- 
esses—or used by consumers of industrial 
products. 

For nearly a century after the birth of the 
public health movement, men concerned with 
the health and safety of industrial workers 
were the only ones to recognize the threat 
to human beings of artificial environments. 
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The hazards of infection from the natural 
environment dominated concepts of com- 
munity health. 

Pioneers of industrial hygiene, however, 
found in the environments of work places 
the sources of many causes of ill health. 
Long before anyone considered that the 
same types of exposure might affect entire 
communities, industrial hygienists had en- 
countered and studied problems of exposure 
to dusts, fumes, gases, and radiation. In 
industrial hygiene, rapid changes and ex- 
tremes in temperature, humidity, and at- 
mospheric pressure recognized as 
causes of human disease. Glare, poor illumi- 
nation, noise, vibration, mechanical failures: 
all came under the scrutiny of industrial 


were 


hygienists as factors in the working en- 
vironment affecting the health and efficiency 
of workers. Prolonged fatigue and tension, 
posture, clothing, and many other factors 
became matters for scientific investigation 
of health in the working environment. 

This store of industrial hygiene knowl- 
edge has peculiar relevance for human com- 
munities today. For the problems of artificial 
environments are no longer confined to 
work places. As all of us try to live 
competitively in our multichemical, air-con- 
ditioned, jet-propelled, traffic-bound, indus- 
trialized environment, we share the same 
types of exposure as our fellow citizens 
experience in their work places. 

Our urban today could 
qualify as artificial environments almost as 
readily as industrial establishments. There 
are two notable exceptions, however. First, 
except for the hazard of mechanical injuries, 
the potential exposures to toxic substances, 
noise, vibration, and so on are much more 
intensive in the work place than at home 
and in the community. Second, industry 
spends billions to eliminate or effectively 


communities 


control hazardous exposures in the working 
environment. In plants operated by respon- 
sible, well-organized industries, the worker 
has better protection than in his community. 
I do not know of a single one of our urban 
communities where environmental controls 
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for the protection of the general population 
measure up in scope and quality to those 
maintained by the majority of our larger 
industrial establishments. 

This paradox becomes even more striking 
when we realize that workers spend, at most, 
only a third of their time in the controlled 
environment. It would be inaccurate to say 
that the benefits of protection in the work 
place are offset by exposures in the com- 
munity. Nevertheless there is an under- 
lying truth in my observation that home 
and community must be regarded as signifi- 
cant contributors to the accumulation of 
environmental hazards to which modern 
man is exposed. Frequently, the sources of 
community environmental hazards are the 
industries which protect him from occupa- 
tional exposures and upon which he depends 
for a means of livelihood as well as for the 
material benefits of our fabulous American 
technology. 

From the point of view of a physician, 
it is difficult not to see an inevitable merging 
of the problems of industrial health with 
those of community health. The logic of 
this observation could be based on a demon- 
stration of the relationships of the three 
sides of our environmental triangle: biology, 
technology, and social organization. 


In the causation of such major chronic 
diseases as cancer, heart disease, arthritis, 
and metabolic disease, medical research is 
increasingly demonstrating that these condi- 
tions are the product of intricate responses 
of the individual to numerous factors in his 
environment, both physical and social. In the 
causation of lung cancer, for example, an 
association with cigarette smoking has been 
demonstrated. Yet it is not an exclusive 
association. There are many occupational 
exposures associated with lung cancer. Re- 
cent studies show an association between 
certain types of lung cancer and size of city, 
with higher rates in the larger communities 
where atmospheric pollution is more apt 
to occur. Yet many persons who smoke 
cigarettes, are exposed to cancerogenic sub- 
stances in their work, and reside in com- 
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munities with high concentrations of air 
pollution escape lung cancer—perhaps to 
have heart disease, stroke, or some other 
disease of equally intricate origin. 


It seems to me that the significance of 
such intricate relationships for industry and 
the community is that the solution of our 
major health problems lies in a joint attack 
based upon a pooling of knowledge con- 
cerning the environmental factors associated 
with disease. The time has passed, I believe, 
when we can hope for a reduction in the 
human and economic burdens of disease and 
injury through separate approaches to ‘‘oc- 
cupational disease” on the one hand and 
“general disease” on the other. 


Our first aim should be to augment our 
scientific knowledge of new environmental 
factors both in the community and in the 
work place which may influence the occur- 
rence of specific diseases and impairments 
or even hasten the processes of physical and 
mental deterioration. The gaps in knowl- 
edge concerning the effects of our contem- 
porary technology are sufficient to present 
a tremendous scientific, technical, and medi- 
cal challenge. We have, for example, very 
little information on the effects of pro- 
longed, low-level toxic exposures whether 
they are experienced in occupational en- 
vironments or in the community. What we 
have learned about noise in industry now 
must be augmented to permit better under- 
standing of levels of tolerance in the com- 
munity, 


Our second aim should be to apply our 
medical and technical knowledge to the full 
in eliminating or controlling potentially 
hazardous exposures. The imbalance be- 
tween man’s biological time-scale and the 
time-scale of technologic change makes it 
impossible to wait until we have demon- 
strated by observation of human experience 
the precise effects of low-level radiation ex- 
posure as it accumulates from natural and 
artificial sources. We must use what we 
know for the protection of human health 
now. In so doing, we will prevent much of 
the premature death and prolonged disability 
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which fall heavily upon workers, their fam- 
ilies, industry, and entire community. 

I am confident that American science and 
technology will invent methods for solving 
present and future problems of environ- 
mental health which will be more efficient 
and more effective than any we possess 
today. The time has long since passed, how- 
ever, when industry or the community might 
profit from waiting for new methods. If we 
pool our knowledge and work out satis- 
factory arrangements for its application, our 
communities and industries will be ready for 
the great new age just ahead. 


Industry’s Stake in a Common Approach 


American industry has an _ important 
economic stake in such a common approach. 
The trend has been well established for 
management to bear all or part of the costs 
of illness among workers, be it of occupa- 
tional or nonoccupational origin. The strik- 
ing fact is that health insurance programs, 
made available and paid for through the 
workers’ place of employment, cover more 
than 37,000,000 employees and their 57,- 
000,000 dependents. This means that a 
the nation’s multibillion 
dollar expenditures for hospital and medical 
care is financed through employee’s health 
plans. Certainly, anything that can be done 
to reduce the risks of illness in the commu- 
nity and in the work place should signifi- 


cantly reduce the costs of insurance. 


large share of 


It has been justly observed that “occupa- 
tional disease” is not a pathological entity 
but a legal term. As science learns more 
and more about the multiple causation of 
chronic disease, it is likely that occupational 
and nonoccupational factors, hitherto un- 
suspected, will be identified. High standards 
of industrial hygiene will become increasing- 
ly important, not only as a means of pre- 
venting occupational exposure but also 
indirectly as a means of reducing the over- 
all costs of illness. 

Similarly, industry and government have 
a joint responsibility for creating healthful 
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communities. American industry is increas- 
ingly recognizing its new role of corporate 
citizenship in our changing patterns of com- 
munity life. Mr. Cleo Craig, Chairman of 
the Board of A.T. and T., said a year or 
two ago: “No one can accept responsibility 
in the world unless he first takes it on his 
doorstep. So for us in industry, I can see 
only one course to follow. Call it common 
sense, call it policy, call it anything you like. 
To my mind, industry must aim for, exist 
for, and everlastingly operate for, the good 
of the community.” 

This thoughtful statement places industry 
and government in a cooperative relation- 
ship which, I believe, is destined to ensure 
for the American people not only the higher 
standards of living which industrial de- 
velopment has given them but also higher 
levels of health and community life. These 
levels are obviously affected by the waste 
materials, solid, liquid, and gaseous, coming 
from industrial operations; by the health 
effects which come from the consumer’s use 
of industry's products, and by the use of 
our fundamental natural air, 
water, and land. Industry, government, and 
other groups in society must learn how to 
use these resources, as well as science and 
technology, in ways that will influence com- 
munity life in a forward direction—toward 
better health. 

The roles of industries and governmental 
agencies differ, but, in my experience, co- 
operative relationships between their repre- 
sentatives increase the opportunities of both 
for service to the community. I would like 
to devote the remaining minutes of my talk 
to the role my own organization is playing 
in fields of special interest to the Industrial 
Hygiene Foundation. 


resources: 


Public Health Service Role in Industrial 
and Community Health 


As most of you know, the Service’s Occu- 
pational Health Program, with its laboratory 
at Cincinnati, Ohio, is the modern metamor- 
phosis of an industrial hygiene research 
program authorized by Congress nearly 50 
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years ago. For many years, our industrial 
hygienists played a major role in epidemio- 
logical, clinical, and laboratory studies 
undertaken at the request of and in coopera- 
tion with numerous industries. The status 
of industrial hygiene has changed over the 
years. Industrial medicine has grown, and 
a much higher proportion of our industries 
now have their own industrial hygienists to 
undertake the studies essential for the pre- 
liminary and clinical evaluation of new 
materials and processes. 

We still regard the conduct of long-term, 
epidemiological studies involving industry- 
wide problems as our major role in the field 
of industrial hygiene. The costs of such 
studies, like the costs of industrial develop- 
ment, have soared, however. When one con- 
siders that it costs about $40,000 to do the 
crudest, preliminary screening of a chemical 
substance for toxicity, it is obvious that 
an industrial hygiene budget of less than 
$900,000 will not take us very far in helping 
to solve some of the problems which phy- 
sicians in industry frequently ask us to 
take a hand in. 

Although many corporations can finance 
their own research, there are situations in 
which it is impossible for one establishment 
to accumulate the information it needs on 
a given occupational health problem. The 
same problem and the same difficulty of 
solution may exist in other parts of the in- 
dustry. It is in such situations that the 
Public Health Service might play a decisive 
role as an impartial scientific investigator 
for the industry as a whole. For example, at 
the present time, we are conducting a study 
of silicosis in metal miners, and we are 
learning many significant new facts about 
this old problem. 


I should say, of course, that the major 
part of our appropriations and our effort 
is devoted to backing up state industrial hy- 
giene programs. This, of course, is con- 
sistent with the fact that state and local 
governments have the legal responsibility 
for industrial hygiene standards and regu- 
lations. 
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Several other operating programs of the 
Public Health Service are closely related to 
industrial hygiene and problems of environ- 
mental health involving industry. Radio- 
logical health, water-pollution control, air 
pollution, and sanitary engineering research 
fall in this category, while the research and 
training programs of our National Institutes 
of Health are augmenting the nation’s total 
scientific effort in the medical and related 
sciences. 

Although some elements of industry have 
increased their expenditures for research on 
environmental problems affecting the health 
of industrial workers and the community, 
the dynamic growth of industry alone would 
provide a basis for legitimate questions as to 
whether the nation’s total scientific effort in 
this field is adequate. The United States 
Congress, in its last session, raised such 
questions and has instructed the Public 
Health Service to report to it in January, 
1960, on our evaluation of the total prob- 
lem of environmental health in this country. 


Conclusion 


As American industry is acutely aware, 
large areas of the natural environment re- 
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main to be mastered. On the basis of man’s 
previous successes we can contemplate with 
reasonable assurance further advances in 
the exploration of nature’s secrets. It would 
seem, however, that the human race must 
from this moment onward devote an ever- 
increasing share of its aptitudes for 
invention and fabrication to mastery of man- 
made environments. 

I do not count myself among those proph- 
ets of doom who periodically predict the 
end of man as a result of his own achieve- 
ments. The historical means of maintaining 
a hypothetical ecological balance are fam- 
ine, disease, and war. Yet it would be un- 
thinkable not to combat these conditions. 
The history of man on earth in a funda- 
mental sense is the history of his efforts to 
win plenty, health, and peace. If he is to 
win his victory in all sectors, he must not 
only cooperate with nature; he must also 
learn how to master the artificial environ- 
ments he has created. Most difficult of all, 
he must learn to live more effectively as a 
member of a human community and to live 
at peace with his neighbors in other com- 
munities. 


U.S. Public Health Service (25). 
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Challenges Ahead in Industrial Health 


GEORGE A. JACOBY, Detroit 


It is a pleasure to have this opportunity to 
participate in your meeting and discuss the 
challenges ahead in industrial health. 

I believe all of us have been much im- 
pressed by the progress made in recent 
years by our host city in reducing air pol- 
lution. In fact, it is no longer appropriate 
to refer to Pittsburgh as the “smoky city.” 
However, some of us have been very con- 
cerned over the rather drastic method used 
to effect this control during the past 107 
days. How good it would be for a Detroiter 
to be able to come to Pittsburgh today and 
experience the sights and sounds and smells 
normally associated with the making of 
steel ! 

When the Industrial Hygiene Foundation 
was established in 1935, its efforts were 
directed primarily toward the control of haz- 
ards such as silicosis. Other agencies were 
concerned about lead intoxication. The ob- 
jective was effective protection against po- 
tential hazards to employee health. The 
reasons for this interest were twofold: first, 
a genuine concern about the health of em- 
ployes and, second, the economic factor—the 
desire to eliminate these exposures or sur- 
round them with such effective controls that 
employees would be protected and work- 
men’s compensation costs reduced to a 
minimum. Much progress in identifying, 
controlling or eliminating health hazards has 
been made over this period of 24 years. For 

_example, in the automotive industry a num- 
ber of operations involve the use of lead. 
This was a real problem back in the late 
1930's, but the means of control established 
by our industrial hygienists, engineers, and 
plant physicians have been so effective that 
our company recently went through an en- 
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tire year with not one employee losing time 
by reason of lead intoxication. 

ut conditions change. No sooner are 
controls established over certain hazards 
than we are faced with new types of ex- 
posure. We are all familiar with the empha- 
sis being placed today on the protection of 
employees from exposure to the various 
forms of radiation now being used in in- 
dustrial plants. Also, the problem of noise is 
being given great attention. Audiometric 
tests are being made a part of placement 
examinations. Research has been undertaken 
to determine how industrial noise may affect 
employes. But of greatest importance has 
been the very practical approach of reducing 
the noise levels themselves. Efforts in this 
direction are sure to pay dividends. 

In still another area, the ventilation engi- 
neer is gaining increased recognition. He 
has been able to demonstrate that he can 
bring about material improvement in the 
plant environment and at the same time 
effect substantial reductions in costs. He 
approaches environmental control on a plant- 
wide basis. This includes providing a 
controlled air supply for temperature regu- 
lation, both winter and summer; venting of 
hot air, smoke, and fumes, and aluminum 
shielding from undesired radiant heat. 
These improvements have many advantages, 
not the least of which is better employee 
relations. 

The introduction of new chemicals into 
our industrial processes will continue to pose 
a challenge. Most manufacturers of indus- 
trial chemicals now provide toxicological 
information about their products, but chemi- 
cals may still reach the production line with- 
out accompanying instructions in their safe 
usage. New organic chemicals are constantly 
appearing, as well as new and sometimes 
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hazardous mixtures of the better-known 
solvents. An effective step in controlling 
these potential hazards is the recommended 
practice of setting up a chemical committee, 
made up of the chemist, the industrial hy- 
gienist, the industrial physician, the safety 
director, and representatives of the manu- 
facturing and purchasing departments. This 
committee then establishes procedures assur- 
ing that no chemical is put into use without 
its approval. 

The problems and progress I have dis- 
cussed are merely an indication of some of 
the challenges facing us today in the area 
of primary concern to this organization. 

However, the interests of the group in 
attendance here extend beyond the field of 
industrial hygiene. These interests encom- 
pass the whole area of industrial safety and 
industrial health. For years our thinking was 
oriented around the employee at work, and 
our concept of industrial medicine, indus- 
trial safety, and industrial hygiene was di- 
rected toward this objective. But something 
very significant has been happening over the 
years, and we have come to realize that we 
have a broader interest in safety and health 
problems. 

In the safety field, for example, just re- 
view the extent to which the accident prob- 
lem has shifted from an on-the-job problem 
to an off-the-job problem. Compare your 
own company’s record of injuries experi- 
enced by employees while they are at work 
against injuries while they are away from 
work. You will usually find the figures on 
off-the-job accidents readily available 
through an analysis of claims paid under 
your benefit programs. 

In the case of our own company, a recent 
study showed that for each 13 accidental 
injuries to General Motors employees 1 was 
an on-the-job injury and 12 were off-the- 
job. This is in the face of the fact that our 
employes have a safety record off the job 
which is superior to the general average. | 
am sure your own comparisons will show 
much the same relationship. This is the rea- 
Jacoby 


son so much emphasis is now being placed 
on campaigns to reduce off-the-job accidents. 

We have this broader interest not only 
in the safety of our employees but also in 
their health. We all now realize that health 
problems confronting the employee and 
members of his family off the job may 
have a very important bearing on the em- 
ployee’s performance on the job. Provision 
of adequate medical expense coverage for 
employees has been a dramatic development 
of recent years, 

General Motors first made hospital and 
surgical expense coverage available to its 
employees in 1939. In retrospect, the cover- 
ages provided by the pioneering program 
seem somewhat meager. 

lor example, an employee could obtain 
coverage only for himself, not for his wife 
and children. He was allowed $4 a day 
toward the cost of a hospital room for up 
to 70 days and a maximum of $20 for 
special hospital services. Surgery was cov- 
ered under a standard schedule providing a 
maximum benefit of $150. No allowances 
were provided for a doctor’s attendance at 
the hospital in nonsurgical cases. 

Since that time the coverages we offer our 
employees have been dramatically improved. 
These improvements testify to the persistent 
and pioneering efforts of our hospital asso- 
ciations, medical societies, and other inter- 
ested parties. 

For example, our employees, and their 
wives and children, can be covered today for 
the full cost of a semi-private hospital room 
for up to 120 days. Special hospital services, 
such as diagnostic services, use of treatment 
rooms, and drugs and medicines—which 
alone may cost many hundreds of dollars— 
are also usually covered in full. Surgical 
schedules have been greatly improved and 
now provide as much as $450 for a single 
operation. In addition, many doctors accept 
these surgical allowances as full payment 
for some employees. Liberal allowances are 
also provided for a doctor’s nonsurgical 
services rendered in the hospital, as well as 
for emergency treatment for injury. 
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Of course, increases in the cost of medical 
expense protection have been equally dra- 
matic. In 1939, the General Motors em- 
ployee’s share of the cost of medical 
expense protection was 75 cents a month. 
Today, the employee’s share of the cost for 
full family coverage may be as high as $9 
or $10 a month. General Motors’ share of 
the cost has risen at an even higher rate 
and involves an expenditure of millions of 
dollars each year. 


Our employees and their families enjoy 
much better health today than in the past, 
to a considerable degree because improved 
medical expense protection has made possi- 
ble greatly improved medical care. Un- 
doubtedly many of you here today have 
played an active part in bringing about the 
improvements I have described. The prob- 
lem is now more difficult than before. To- 
day’s challenge lies not only in continuing or 
accelerating the previous rate of progress 
but also in preventing the cost of high- 
quality medical care from becoming more 
than our economy can tolerate. 


I would also like to touch briefly on an 
allied problem, that of providing adequate 
wage replacement when an employee is un- 
able to work because of illness or injury. 
Employers realize that families suffer great 
hardship if adequate income is not provided 
when the wage-earner becomes disabled, 


that merchants may sustain losses when 
disabled employees cannot meet their fi- 
nancial obligations, that employees lose 
equities in installment purchases, that public 
assistance facilities are strained when wage 
replacement is inadequate. Recognition of 
these problems has encouraged employers 
to provide increasingly higher levels of disa- 
bility pay. 

For example, when General Motors first 
provided sickness and accident benefits for 
nonoccupational disabilities, in 1928, the 
benefit was a flat $15 a week for up to 13 
weeks. Today General Motors factory em- 
ployees may receive from $45 up to $100 a 
week depending upon earnings, and_ this 
may continue for as long as 26 weeks. 
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The danger in a high level of wage re- 
placement is that some employees may find 
it more desirable to remain on the disabled 
list than to return to their jobs. Some em- 
ployers feel that levels of disability pay may 
already have equalled or exceeded this 
critical point. 

As an employer’s wage replacement for- 
mula approaches the critical point, he finds 
that the administration of his program be- 
comes increasingly more difficult and more 
expensive. In his search for more effective 
control, he finds that he is dependent to a 
great extent on the judgment and attitude 
of the employee’s physician—for it is this 
doctor who certifies to the disabling nature 
of the employee’s condition and who speci- 
fies the course of treatment. 

If we are to preserve the social gains 
which have been achieved through satis- 
factory levels of disability pay, it is essential 
that all interested parties work together to 
apply continually effective controls. Em- 
ployers, employees, and the professional 
people providing the care must be continu- 
ally aware that pay for time spent away 
from work is an overhead cost which adds 
nothing to the value of the product or serv- 
ice but which is always represented in its 
final price. Poorly controlled use of disa- 
bility pay will inevitably lead either to an 
unbearable burden on the part of the con- 
suming public or to a reduction in the level 
of benefits provided. 

A discussion of challenges ahead in in- 
dustrial health would hardly be complete 
without mentioning the men to whom we 
look above all others to help us meet these 
challenges. I refer, of course, to the indus- 
trial physicians. There has been an evolution 
in the way we look upon the doctor in 
industry. At first we employed him on a 
part-time basis to patch up injured em- 
ployees. Terminology was significant. We 
called him a surgeon, and he worked in a 
plant hospital. Later we came to recognize 
the importance of pre-employment and 
placement examinations. We found there 
were certain conditions under which treat- 
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ment for nonoccupational illness should be 
provided for the employee until such time 
as he could see his family physician. Then 
came recognition that our objective was 
really health maintenance for our employees. 
More and more we found it was advan- 
tageous to employ the physician on a full- 
time basis. As we made progress in our 
safety program, less and less of the physi- 
cian’s time was required for surgery. Ter- 
minology changed. We now have industrial 
physicians.working in medical departments. 
More and more the emphasis is on pre- 
vention. 

During the past 10 years, the specialty 
of occupational medicine has become an 
accepted branch of medicine, specialty status 
having been granted through the American 
Board of Preventive Medicine. This pro- 
fessional recognition has given distinction 
to those doctors who have served industrial 
medicine well and has also provided a new 
field for young doctors. Approved training 
for Board certification in the field of occu- 
pational medicine has become a fact. | am 
informed there are six universities—the 
University of Michigan, University of Pitts- 
burgh, University of Cincinnati, University 
of Rochester, Ohio State University, and 
Yale University—offering a two-year post- 
graduate training course in occupational 
medicine. This course has been approved by 
the American Medical Association's Resi- 
dency Review Committee for Preventive 
Medicine. General Motors is pleased to be 
included among the eight companies which 
have been approved by this same A.M.A. 
Residency Review Committee for one year 
of training to cover the requirements for in- 
plant training in occupational medicine. This 
extends further recognition for a program 
which has been in operation in General 
Motors for the past 10 years, and under 
which 38 young industrial physicians have 
received training. Several of these men are 
now medical directors of major GM di- 
visions. 

Progress has certainly been made in ac- 
cording recognition to the important role of 
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the industrial physician. The doctor working 
in this capacity may look ahead to a status 
in his profession comparable to that attain- 
able in any other specialty. It is important 
for those of us in management to work with 
our industrial physicians toward the attain- 
ment of this objective. It is important that 
we make a career in this field attractive to 
able young physicians. For one thing, we 
should see that our industrial physicians 
are properly compensated for the responsi- 
bility they assume. But this in itself is not 
enough. Medicine is a career of service, 
and in deciding to enter the field of indus- 
trial medicine a young man should have 
confidence that the work he will perform 
will be meaningful and will be a real chal- 
lenge to his abilities. A young man going 
into industrial medicine today can feel that 
he is in the forefront of the whole move- 
ment toward preventive medicine. 

Another challenge in this connection is the 
opportunity afforded for research. Many 
of our industrial physicians are interested 
in making a contribution toward the ex- 
pansion of knowledge in their profession. 
Certainly, we have a fund of experience 
on which to draw. In our medical depart- 
ments a record of the employee’s health over 
an extended period of years is maintained. 
Additional data are available from the de- 
partment administering our benefit pro- 
grams. Furthermore, there is an opportunity 
to observe the employee at work. Few 
doctors in private practice have such oppor- 
tunities for carrying out research projects. 
Just enough has so far been done to indicate 
the opportunity research affords in this area. 
And the interest of the industrial physician 
is no longer confined to the plant by which 
he is employed. The company and the in- 
dustrial physician have a_ stake in the 
standards of health maintained by their em- 
ployees and members of the families of 
employees. They have a stake in the whole 
field of community health. They are con- 
cerned with hospital facilities, with rehabili- 
tation programs, and with the level of costs 
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under group hospital and group surgical 
plans. 

The more emphasis we place upon pre- 
ventive medicine, the better chance we have 
to control excessive costs under our bene- 
fit programs. Health education assumes new 
importance not only for the employee but 
also for members of his family. In this the 
industrial physician and the industrial nurse 
will play a key role. We should be sure 
that we staff our medical departments ade- 
quately to meet the needs which lie ahead. 

There is a particular need for the doctor 
in private practice to understand the special 
problems facing industry today. We have 
found that this understanding is fostered 
when medical societies are invited to visit 
the plant, see the operations at first hand, 
and have explained to them the benefit pro- 
grams under which our employees—and 
their patients—are covered. This type of 
understanding will aid materially in reduc- 
ing any tendencies toward abuse which may 
exist. 


It is natural that each one of us should 
think of the challenges in the industrial 
health field in terms of his own company. 
Just to bring the point home, let me suggest 
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that you compare your current annual ex- 
penditure for workmen’s compensation with 
the combined total of your costs for disabil- 
ity wage replacement and the costs of your 
hospital, surgical, and medical expense pro- 
grams. Then look at this same cost relation- 
ship 10 or 20 years ago. You will see why 
our challenge is a broader one today. 

With the coming of the space age a new 
term has come into use—systems engineer- 
ing. In meeting the challenges which lie 
ahead I believe that management will find it 
advantageous to use what might be called 
the “systems” approach. I mean we need to 
bring together the specialized skills and 
abilities of the industrial physician, the 
safety engineer, the industrial hygienist, the 
industrial nurse, and all others who can 
make a contribution so that, working in con- 
cert, they will focus their attention still more 
effectively on the further improvement in 
the health of our employees, their families, 
and others in the community generally. 

There are challenges ahead in industrial 
health, certainly. It is equally certain that 


there are broad opportunities for construc- 
tive service. 


3044 W. Grand Blvd. (2). 


| 
| 
| 
ii 
| 
| 
| 
| 
a 
j 
: 
: 
| | 


Radiation and Industrial Health 


CHARLES L. DUNHAM, M.D., Washington, D.C. 


lonizing radiation effects have in the past 
17 years become one of the more important 
subjects for scientific investigation. During 
this time a body of knowledge has been 
accumulated on the subject unequalled in 
amount by knowledge of any other common 
industrial hazard. The degree of understand- 
ing of the problems of radiation health pro- 
tection is good, though of course not directly 
proportional to the volume of data on the 
subject. I believe it is fair to say, however, 
that our present health protection practices 
for the industrial uses of radiation and 
radioactive materials are as soundly based 
as those concerned with most other industrial 
hazards. As to radiation as a general en- 
vironmental hazard, we are way ahead of 
other comparable sources of hazard, smog 
for instance. 

For most toxic materials, our knowledge 
today is comparable to that which existed in 
the late twenties and early thirties about 
radiation hazards. The situation with radia- 
tion at that time was about as follows: 

Amounts of high intensity radiation which 
would be immediately fatal, amounts which 
would have a high probability of producing 
readily demonstrable permanent injury or 
cancer in the irradiated tissue, and amounts 
which would temporarily or permanently 
damage the blood-forming organs were 
known to within a factor of a few. It was 
also known in a general way what total 
dose from repeated exposures to radiation 
would have a high probability of inducing 
skin cancer and depression of bone marrow 
activity. In the casg of radium deposited 
in the skeleton, the amounts with a high 
probability of producing bone cancer in 
adults were pretty well known. On the other 
hand, the amounts of radiation incurred at 
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a high dose rate which would give a prob- 
ability of producing only one case of leu- 
kemia or one case of bone cancer in a 
population of say 10,000 individuals so 
irradiated were not known. This had not 
been looked for. The dose of low intensity 
radiation required to produce such effects 
was equally unknown. The amounts of rela- 
tively high intensity radiation to the fetus 
given at an appropriate time during gesta- 
tion which would regularly produce gross 
developmental defects was known, and the 
amount which would produce a given num- 
ber of point mutations in the fruit fly was 
rapidly becoming known as a result of the 
researches of Hermann Muller, 

For most toxic substances, our knowledge 
is limited to the acutely fatal dose, and the 
chronic exposure dose which has a relatively 
low probability of leading to readily demon- 
strable chronic effects; albuminuria, leu- 
kemoid reactions, aplastic anemias, gingivitis, 
encephalopathy, pulmonary fibrosis, or can- 
cer of one sort or another as the case may 
be. The realm of possible genetic and de- 
velopmental defects is largely unexplored 
save for a few substances such as the nitro- 
gen mustards and colchicine. Studies at- 
tempting to determine whether or not there 
is a given exposure rate or even a single 
dose, say of some chemical constituent of 
motor exhaust fumes, which would in time 
produce one additional case of leukemia or 
lung cancer per 10,000 persons so exposed 
have yet to be done. 

With radiation today, we are on pretty 
firm ground in estimating the probable num- 
ber of additional cases of leukemia, or gene 
mutations or average curtailment of life 
span to be expected in a population exposed 
to high intensity whole body irradiation in 
increments of 25 to 50 r or greater. The 
factor or factors which determine which 
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individuals get leukemia and which do not, 
under such circumstances, are totally un- 
known. 

Radiobiological research is concentrating 
more and more on defining the response in 
terms of neoplasia, life span, and genetic 
effects to low intensity or low body burden 
exposures, and short duration interrupted 
relatively high intensity exposures at various 
ages in sizable populations of animals. 

A few decades ago, it was tacitly as- 
sumed that with the possible exception of 
genetic effects, there was a radiation dose 
below which no permanent injurious effect 
would be incurred, even in exceptional in- 
dividuals. In the past few years, this con- 
cept has come under extremely close scrutiny 
and while it has not been altogether aban- 
doned, it has been realized that the burden 
of proof lies with its proponents. With 
extremely high intensity mixed gamma neu- 
tron irradiation, the studies of the Atomic 
Bomb Casualty Commission in Japan indi- 
cate proportionality of leukemia induction 
with dose down to about 50 or 100 r. Un- 
fortunately, the true exposures of the 
surviving population in Nagasaki and Hiro- 
shima are not very precisely known, so the 
effect at lower doses cannot be determined. 
Work like that of Dr. Bond and co-workers 
at the Brookhaven National Laboratory has 
shown a true proportionality with doses as 
low as 25 r for mammary neoplasia in rats. 
Abundant data have indicated that for lethal 
mutations induced in UVrosophila spermato- 
zoa there is a linear relationship from 
13,000 r down to 25 r. 

Earlier work by Lorenz and associates 


and recent work in this country and in 
England with continuous exposure at dose 
rates of a few tens of r down to 1 r or less 


per week has shown either a lesser effect, or 
in some instances no apparent effect, in 
terms of curtailment of average life span, 
leukemia or tumor induction, as the case 
might be, when compared with the effect 
of comparable total doses at relatively high 
dose rates. The findings at these dose rates 
(2 r per week is roughly one thousand times 
that incurred from natural or background 
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radiation) suggest that there may indeed 
be from a practical standpoint a threshold 
for some of these effects or that at the 
worst the effect is very greatly reduced. 
Perhaps this results from repair of the 
damage by metabolic or proliferative activity 
of the cells. 

In the field of genetic effects, the recent 
work of the Russells at the Oak Ridge Na- 
tional Laboratory has shown a similar but 
less dramatic reduction in effect on sperma- 
togonia in mice at dose rates of about 15 r 
a day. The effect seems to be proportional 
to the total accumulated dose but is roughly 
one-fourth that observed at the relatively 
high dose rates used in prior acute expo- 
sure studies. 

Refinements in our knowledge of dose 
rate relationships and age of exposure fac- 
tors are imperative needs for those con- 
cerned with assessing the significance of 
current and proposed basic radiation pro- 
tection standards. This information can be 
obtained with some reasonable degree of 
certainty in a variety of experimental ani- 
mals at dose rates of about 1 r per week 
or greater. For dose rates equivalent to or 
less than background the number of animals 
needed for a first-rate well-controlled ex- 
periment would be in the millions for a 
single experiment. Scientists are unlikely 
to undertake studies of this magnitude in the 
near future even if facilities were to become 
available to them. 

Radiation was an industrial health prob- 
lem long before nuclear reactors and atomic 
bombs became a reality. So it is not exactly 
accurate to equate the coming of atomic 
energy with the introduction of radiation 
as an industrial health problem. It is true, 
of course, that only with the successful de- 
velopment of the nuclear reactor did the 
available sources of radioactivity cease to 
be a few curies worth and grow quickly to 
millions of curies. This is the reason why 
the radiation hazards of the nuclear age 
are potentially greater by orders of magni- 
tude than in prior years. 

The most characteristic feature of radia- 
tion as a day-to-day industrial health prob- 
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lem is the long latent period which elapses 
between exposure or beginning exposure 
and the first appearance of clinical or Jab- 
oratory evidence of injury. In general, the 
lower exposure or the exposure rate the 
later the resulting injury manifests itself. 
Usually years intervene before malignant 
change appears. Any genetic effects would 
appear in succeeding generations and prob- 
ably be demonstrable only on a statistical 
basis. Acute injuries have occurred and will 
be a continuing threat so long as nuclear 
energy continues to be exploited for the 
benefit of society or as a weapon of war. 
Industrial physicians must learn how to 
deal with such eventualities, but in their 
day-to-day contact with radiation problems 
they will be concerned more with the pre- 
vention of over exposure to radiation and 
the care of the less dramatic injuries in- 
volving radiation, such as localized skin 
burns and wounds contaminated with radio- 
active materials. : 

It is interesting to see how the picture 
looked at the time to those responsible for 
the health of workers on the atomic bomb 
project. 

“Early in 1942 the scientists of the 
Metallurgical Laboratory became convinced 
that a nuclear chain-reacting pile would be 
built. They realized the enormity of the 
health hazards that such a unit would create. 
Some of them had friends or acquaintances 
who had been injured in experimental work 
with x-rays or with radium, and many were 
aware of the harmful effects suffered by 
some of the workers in the radium-dial 
industry. 

The exact nature and extent of the haz- 
ards to be encountered were not known. 
In general, it was realized that the pile in 
which the chain reaction would take place 
could be a far greater source of fast and 
slow neutrons and gamma rays than could 
have been dreamed possible in earlier peri- 
ods. It was estimated that the pieces of 
uranium that would have to be removed 
from the pile after fission had occurred 
would contain materials far more radioactive 
than any that had been encountered in the 
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radium industry. It appeared certain that 
not only the uranium but also any other 
material that would be removed from such 
a pile would be extremely active in pro- 
ducing alpha, beta, or gamma rays. The 
chemical process of separating the pluto- 
nium from the extremely radioactive 
elements was recognized as another tremen- 
dously hazardous procedure. The effect that 
plutonium itself might have on the workers 
was unknown. 

Since no one person could have all the 
required knowledge or could know how to 
acquire it, a health group was formed which 
gradually evolved into an organized Health 
Division. The objectives of the Health Di- 
vision as stated by the Laboratory Director 
were as follows: 

1. Protection of the health of the workers 
on the project 

2. Protection of the public from any 
hazards arising from the operation of the 
project 

3. A study of the peculiar hazards for 
the purpose of being better able to estab- 
lish tolerance doses, to predict more ac- 
curately what might happen in the future, 
to devise means of detecting ill effects to 
personnel, and to discover methods of treat- 
ing any person who might be injured.” 

Drs. Robert S. Stone, Stafford Warren, 
and Hymer Friedell were principally re- 
sponsible for the medical program of the 
Manhattan Engineering District, wartime 
atomic bomb project. They enlisted the serv- 
ices of the best radiological physicists and 
industrial hygiene specialists then available 
in developing an extraordinary program of 
radiation protection for the workers on the 
project. Furthermore, they sensed the need 
for much more information on the biological 
effects of ionizing radiation and _ initiated 
a broadly conceived research program for 
that purpose. This program drew on the 
talents of many university scientists and 
scientists in government, notably from the 
National Cancer Institute and the National 
Bureau of Standards. It clearly defined the 
syndrome of whole-body radiation injury 
before it was observed in Japan, in 1945, 
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and initiated the first experimental studies 
in mice on the genetic effects of radiation, 
the effects of radiation on life span, and 
the carcinogenic action of internally de- 
posited radioactive materials. The actual 
scope of the health service activities by the 
spring of 1944 have been summarized as 
follows: 

Health-service activities 

A. Surveys of the skin for contamination 
with radioactive materials 

B. Surveys of the laboratories for various 
types of radioactive contaminants 

C. Metering of personnel with various 
types of pocket ionization chambers and 
film meters to individual 
posures 


determine ex- 

D. Surveys of atmosphere for radioac- 
tivity 

EK. Surveys of effluent water from the 
Clinton pile area to determine contamination 

I. Examinations of body secretions and 
excretions for radioactive materials 

G. Clinical laboratory examinations for 
various types of damages to personnel ex- 
posed to either tolerance or larger doses of 
radiation 

This is still a good guide to those re- 
sponsible for the health of the workers and 
of the public in an industrial plant handling 
radioactive materials. 

As I pointed out, in the late 40’s and 
early 50’s much more experimental work 
was done, sufficient to suggest a hypothesis 
that radiation levels only a little above nat- 
ural background radiation or even back- 
ground radiation itself have genetic effects 
on populations and may even be responsible 
for some cases of bone cancer and _ leu- 
kemia among the so-called normal incidence 
of these conditions. In June, 1956, the Na- 
tional Academy of Sciences and the British 
Medical Research Council published reports 
on the biological effects of radiation. These 
reports were stimulated by concern over the 
possible harmful effects of radiation from 
fallout from the testing of atomic weapons. 
Both reports concluded that any radiation 
exposure might exact a biological cost at 
least from the genetic standpoint. The re- 
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ports went further and suggested that 
except for exposure from natural radio- 
activity the largest single factor in exposure 
to the population as a whole was medical 
x-rays. This has led to active efforts to re- 
duce body and gonadal exposures from diag- 
nostic and therapeutic x-rays. A by-product 
of this concerned with radiation as a health 
hazard was the formation in 1957, by the 
Department of Health, Education, and Wel- 
fare of a special committee to advise the 
Surgeon General of the Public Health 
Service on radiation health matters, and 
more recently, the President established the 
lederal Radiation Council to advise him on 
matters concerning radiation as it affects the 
public health. Thus, not only the Atomic 
nergy Commission, which because of its 
statutory responsibilities has from its incep- 
tion been preoccupied with radiation health 
problems in its operations and since the 
Atomic Energy Act of 1954 in its licensing 
program, but other national, state, and local 


-health agencies and such bodies as _ the 


American Standards Association have be- 
come increasingly concerned with radiation 
hazards. 

Each industrial health program in a plant 
which uses radiation sources of any type, 
even if it includes only the diagnostic x-ray 
machine in the plant medical office, must be 
cognizant of radiation as an industrial health 
problem. It behooves the industrial physi- 
cian to become conversant with radiation 
medicine, the treatment of radiation acci- 
dents, and the methods of controlling radia- 
tion exposures generally, as well as to gain 
a more detailed knowledge concerning the 
particular radiation sources being used in 
the plant or plants for which he has the 
medical responsibility. 

There variations in the 
amount and kinds of radioactive material 
handled for any set rules to be established. 
Each plant will have its own special prob- 


are too many 


lems. In AEC operations there are nearly 
as many different organizational approaches 
to the problems as there are plants and 
laboratories. In many instances shortages 
of experts of one type or another in the 
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various specialties have led to compromise 
and to placing the major share of the re- 
sponsibility for radiation health protection 
on the man most competent to bear it, 
whether a physician, a radiological or health 
physicist, or an industrial hygiene engineer. 
In some instances this person reports di- 
rectly to top management, in others through 
a medical director. The important thing is 
that the responsibility is clearly assigned to 
someone who understands radiation protec- 
tion problems. 

There is a further responsibility which 
the plant physician, or medical director, 
must undertake, namely, education of per- 
sonnel, There is so much talk today of the 
hazards of radiation that lay persons fre- 
quently become unnecessarily apprehensive 
about them. Considerable numbers of per- 
sons are refusing to submit to important 
diagnostic x-ray procedures because of 
something they have read or heard on the 
radio or television. Workers who have 
developed confidence in those responsible 
for radiation protection at the plant are 
suddenly worried about added exposure 
from a routine chest x-ray film. The worker 
who develops a cancer of any sort may be- 
come the prey of lawyers who would claim 
a fee for supporting him in a suit claiming 
radiation exposure as the cause of his dis- 
ease. Unfortunately, except for a severe 
radiation burn, the chronic sequelae of which 
are readily recognized, none of the delayed 
effects of radiation is in any way specific 
to radiation. A radiation-induced leukemia 
is not identifiable as such. Nor can a radia- 
tion-induced cancer be identified any more 
than one induced by cigarettes. A radiation- 
induced mutation has no tag on it telling 
us that it was caused by radiation. This 
means that one has to speak and think of 
these things in terms of probability. This 
is a difficult concept for the layman to 
grasp. His experience and his habits of 
thought with respect to injury involve 
readily identifiable specific cause and specific 
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effect relationships. Further, it is important 
to recognize that it is only a limited number 
of disease states which may be related even 
statistically to chronic low-level radiation 
exposure. Most diseases cannot be so related. 
The workers first turn for guidance on 
these matters to the industrial physician and 
to the family physician, who must be pre- 
pared to discuss the problem with him in 
simple understanding terms, The American 
College of Radiology has developed a very 
useful pamphlet on the hazards of medical 
and dental x-rays, which should be read by 
every individual physician. It can do much 
to place the hazards inherent in diagnostic 
X-ray exposure in proper perspective. 

In 1949, and 1950, the AEC established 
special fellowships in industrial medicine, 
radiological physics, and industrial hygiene 
in order to meet the needs of its operations 
and to provide persons trained in radiological 
health matters for the expanding atomic 
energy industry and industrial users of 
radioactive materials under AEC license. 
Meanwhile, the U.S. Public Health Service 
has established short courses in radiation 
health problems for health officers. Recently, 
symposia on radiation problems have been 
sponsored by some state and other medical 
societies. These symposia are extremely 
useful in keeping the medical profession as 
a whole up to date on the problem. There 
has been established a “Health Physics 
Society.” For a number of years now the 
American Industrial Hygiene Association 
has devoted whole sessions at its annual 
meetings to the health problems of the 
atomic age. It is to be hoped that more and 
more industrial hygienists and industrial 
physicians will take advantage of these op- 
portunities to learn about radiation hazards, 
the methods for their and_ the 
therapy of injuries incurred in accidents 
involving radiation and radioactive materials. 


control, 


Division of Biology and Medicine, United States 
Atomic Energy Commission. 
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Industrial Hygiene in the Management Structure 


ELMER P. WHEELER, St. Louis 


In the first decade following the end of 
World War II there was a sharp increase 
in interest and emphasis devoted to pro- 
viding industrial hygiene services. The new 
awareness on the part of management of 
the importance of preventing accidents and 
occupational disease and improving effici- 
ency and productivity by engineering con- 
trol of the environment was reflected by 
the growing number of corporations which 
established occupational health programs 
and employed full-time industrial physicians 
and industrial hygienists to direct them. The 
success of the teams of medical directors, 
industrial hygienists, industrial nurses, and 
safety engineers has been reviewed and 
demonstrated year after year at many meet- 
ings and in the technical journals. On many 
occasions—particularly at this annual con- 
ference—management representatives have 
participated in exchanges of views lending 
support to the fact that the management- 
physician-industrial hygiene team was con- 
cerned with these aspects of corporate 
affairs. 

In the more recent years, it appeared to 
many industrial hygienists that the number 
of companies establishing new medical and 
industrial hygiene programs has decreased. 
The decline in rate of the number of com- 
panies employing, for the first time, full- 
time personnel can be explained partially 
by the fact that many large corporations 
which can justify full-time people have 
already done so. At the same time, other 
companies have assigned activities which 
normally fall within the scope of industrial 
hygiene to other scientific or engineering 
personnel who may have the ability to cope 
with specific problems but who are not 


Assistant Director, Medical Department, Mon- 
santo Chemical Company. 
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qualified in the broad field. Examples in- 
clude ventilation control of atmospheric 
contaminants within the work place, abate- 
ment and control of air pollution as under- 
stood by plant neighbors and the public, 
reduction of noise levels, and the control or 
elimination of exposures to ionizing radia- 
tion. 

A recent report? by an ad hoc committee 
of the American Industrial Hygiene Asso- 
ciation emphasizes the situation which has 
faced industrial hygienists in attempting to 
establish their interest and activities as a 
profession. The report states, 


By definition, the field of industrial hygiene 
utilizes several essential basic disciplines. For this 
reason, a practitioner in any one of these basic 
disciplines may look upon industrial hygiene as part 
of his field. The physicist may see industrial 
hygiene as part of his domain when the protection 
of the worker from ionizing radiation and noise is 
of concern. The chemist, recognizing that the 
practice of industrial hygiene includes the use of 
analytical chemistry techniques, may feel that in- 
dustrial hygiene is a part of the broad field of 
chemistry. The engineer may regard industrial 
hygiene to be within the scope of engineering be- 
cause of the various engineering control techniques 
utilized. The physician, concerned with the diag- 
nosis and treatment of industrial workers, may con- 
sider industrial hygiene a part of industrial medicine 
because one of its aims is to prevent disease. 
Actually, industrial hygiene is a profession in its 
own right. 


The concern of the industrial hygienist 
in relation to acquiring professional status 
is not born of selfishness and desire for 
prestige. Admittedly, these are factors. If 
they were all-important considerations, how- 
ever, most of us would realize that at 
this relatively early point in the development 
of our relatively unknown specialty, the task 
of establishing any significant stature might 
require decades. One need refer only to the 
recent meeting of the American Chemical 
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Society to appreciate the efforts that the 
members of this much older association feel 
are necessary to establish themselves in the 
minds of their employers and the public. 
oth the open meeting of the Council Com- 
mittee on Professional Relations and Status 
and the symposium on “Development of 
Professional Attitudes’ emphasized the 
chemists’ interest in this matter. If, after 
80-odd years of existence as a national 
society, members of this organization are 
seeking professional recognition, it might 
appear that we, as industrial hygienists, 
members of a national society only 20 years 
old, do indeed have a long and difficult 
assignment. 

Industrial hygienists have an advantage, 
however. Professional status is not a goal 
for the sake of professional status per se 
nor for the prestige and possible remunera- 
tion which may be added benefits of acquir- 
ing status. Most of us have been taught— 
and it is believed that ample evidence is 
available to confirm—the fact that industrial 
medicine, industrial hygiene, and accident 
prevention or safety programs can only 
succeed if there is demonstrated top-level 
management support for these programs. 

Patty, in his text, “Industrial Hygiene 
and Toxicology,” ? has stated, 

Industrial hygiene has laid aside its swaddling 
clothes and entered a vigorous stage of advance- 
ment. It is no longer seen by industry as the aim- 
less effort of intellectuals collecting bottles filled 
with nothing so that they can prepare long and 
useless discourses that few read or understand, or, 
if they did understand, would know what action to 
take. The safeguarding of industrial health is on 
a business basis of evaluation and control and is 
recognized as such by both labor and management. 
The purpose of the industrial hygienist is no longer 
merely to ‘lock the stable door after the horse has 
been stolen’ but to anticipate and prevent harmful 
situations, or to control them before serious injury 
results. 

It is true that many management execu- 
tives share this enlightened view. It is a 
fact, however, that firm evidence of a cor- 
porate policy that health hazards will be 
recognized, evaluated, and controlled is 
essential. The best evidence of this policy, 


acceptable to and understood by all 
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employees—including managers, superin- 
tendents, supervisors, and foremen—is as- 
signment of the responsibility for industrial 
hygiene activities at a meaningful level with- 
in the corporate or company structure. 

It is recognized that only in exceptional 
cases and under unusually rare circum- 
stances will industrial hygiene problems 
become so important to corporate functions 
that the highest levels of management can 
and will give personal, direct, and continu- 
ing attention to the routine program of the 
industrial hygienist. (If such cases were 
common, most of us would welcome par- 
ticipation in such problems, since, for once, 
it might be relatively easy to demonstrate 
a “reasonable rate of return on invest- 
ment.) It does seem reasonable and 
proper, however, that the echelons of ad- 
ministrative supervision or responsibility 
between the director of the industrial hy- 
giene program and top management should 
be limited. To be specific, it appears to me 
that there should be no more than one level 
of management between the senior indus- 
trial hygienist and a corporate vice presi- 
dent. This opinion is based on personal 
experience where the director of industrial 
hygiene is also designated as assistant direc- 
tor of the medical department; the medical 
director reporting directly to the vice presi- 
dent for manufacturing, a member of the 
corporation’s executive committee. The 
medical department is one of eight staff 
departments, including accounting, advertis- 
ing, law, personnel relations, public rela- 
tions, and purchasing, which provide 
services for seven operating divisions: the 
latter include four major divisions produc- 
ing organic chemicals, inorganic chemicals, 
plastics, and petroleum products. 

Just as there have been differences in 
opinion as to which basic science industrial 
hygiene belongs, there have been various 
views as to where industrial hygiene activi- 
ties should be assigned within existing 
departments or divisions of corporate struc- 
tures. Fundamentally, it should make little 
difference whether the activities fall within 
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the scope of the over-all engineering, re- 
search, medical, or other programs. In 
American industry, highly successful pro- 
grams are found in various departments or 
staff functions. Because the far-sighted 
pioneers in the fields of public health and 
industrial medicine recognized the possibili- 
ties of making the control of industrial 
health a vocation and of enlisting the tech- 
nical aid of professions other than medicine 
to do the job, the majority of industrial 
hygienists in industry are associated with 
industrial medical departments. Whether or 
not the industrial hygienist is directly re- 
sponsible to the medical director, it is essen- 
tial that he function very closely with the 
medical department. The team of the hy- 
gienist, physician, nurse, and safety engi- 
neer has been mentioned earlier. Only with 
the complete team can the best job of the 
engineering control of the environment, the 
practice of preventive medicine, and the pre- 
vention of accidental injuries and illness be 
accomplished. The team effort must be so 
conceived, however, as to allow or produce 
the best efforts of which the individual 
members of the team are capable. 

To become equal partners on the team 
and to warrant the management support 
needed, the industrial hygienist has certain 
responsibilities. These begin with the need 
for appreciating the requirements for at- 
taining professional status. The Taft-Hart- 
ley Act includes this definition : 

A professional is one engaged in work pre- 
dominantly intellectua. and varied in character as 
opposed to routine mental, manual, mechanical, or 
physical work; involving the consistent exercise of 
discretion and judgement in its performance; of 
such a character that the output produced or the 
result accomplished cannot be standardized in rela- 
tion to a given period of time; requiring knowledge 
of an advanced type in a field of science or learning 
customarily acquired by a prolonged course of 
specialized intellectual instruction and study in an 
institution of higher learning or a hospital, as 
distinguished from a general academic education 
or from an apprenticeship or from training in the 


performance of routine mental, manual, or physical 
processes. 


If we, as industrial hygienists, combine 
this definition of a profession with the 
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American Industrial Hygiene Association’s 
definition of industrial hygiene, 

. . . that science and art devoted to the recogni- 
tion, evaluation and control of those environmental 
factors or stresses, arising in or from the work 
place, which may cause sickness, impaired -health 
and well-being, or significant discomfort and in- 
efficiency among workers or among the citizens of 
the community.’ 


If we combine these two definitions, what 
is Our answer to the question “are industrial 
hygienists professionals”? It appears that 
considerable individual effort on the part 
of each industrial hygienist is necessary to 
produce evidence that in all cases the an- 
swer can be yes. 

Further, to promote the profession, in- 
dustrial hygienists, individually and collec- 
tively, must make a new effort to convince 
more companies that their health conserva- 
tion programs are not complete without the 
services of industrial hygienists, trained 
and qualified to work in the broad field— 
not solely in segments or specialities within 
the field. The Board of Directors of the 
American Industrial Hygiene Association 
has recognized the possible need for efforts 
by the association by appointing an ad hoc 
committee to investigate and recommend 
what the association should be doing to 
promote better and more complete services 
in industry. 

This brief presentation has attempted to 
make two major points: 

1. Management’s recognition of its re- 
sponsibility to provide a safe and healthful 
working environment can be demonstrated 
best by the full-time employment of quali- 
fied and experienced industrial hygienists. 
To utilize to the best advantage the abilities 
of such scientists and engineers, manage- 
ment should recognize their professional 
status and the potential scope of their func- 
tions and activities. Although differences 
in corporate structures may dictate which 
corporate executive or management level is 
to supervise the industrial hygienist’s activi- 
ties, the corporation’s real interest in a 
healthful work environment may be meas- 
ured by the stature granted the industrial 
hygienist. 
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2. To obtain and warrant the stature 
which the professional hygienist seeks, he 
must be properly educated, trained, and 
experienced in all phases of industrial hy- 
giene. Because his functions and activities 
may include aspects and implications con- 
cerning legal, medical, engineering, pur- 
chasing, sales, workmen’s compensation, 
and public and labor relation problems, his 
interests must be broad enough to encour- 
age reading and study in these fields to 
obtain a background to solve such problems 
as arise. Effective participation in the solu- 
tion of problems which cross so many 
divisional or departmental lines within the 
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corporate structure should be recognized by 
eventual assignment of the industrial hy- 
gienist to a management level reflecting his 
contribution to successful and profitable 
operation of the corporation. 
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Today’s Industrial Physician and In-Plant Health 


Programs 


D. JOHN LAUER, M.D., Pittsburgh 


The Industrial Hygiene Foundation has 
been described as “an association of indus- 
tries for the advancement of healthful 
working conditions.” 

Health is influenced by many things— 
by the air we breathe, the foods we eat, 
the people around us, and even the kind 
of work we do. All of these make up the 
environment that influences the level of 
health we can achieve. In this connection, it 
is necessary to look at the job environment 
broadly. It is no longer enough to consider 
the work output required by the job or the 
physical and chemical problems that may be 
present. There is a meaningful social com- 
ponent in the work environment, one which 
influences the mental state and emotional 
level of everyone on the job. 

Mr. Elmer Wheeler has dealt with the 
importance of adjusting the physical condi- 
tions of the work environment, because of 
the adverse effects various elements of it 
may have on the individual workman’s 
health and well-being. 

Today’s physician in industry needs to be 
familiar with the skills of the industrial 
hygienist and the manner in which he meas- 
ures and controls the work environment. 
The physician has learned how to work 
with the hygienist, how to correlate the 
findings of his own examinations of the 
person at work with the elements with which 
the individual works. 

Let us pose certain primary questions and 
then try to answer them: 

1. What is a good in-plant health pro- 
gram? 

2. Why have one? 

3. How much is it going to cost? 


~ Medical Director, Jones & Laughlin Steel 
Corporation, 
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What Is a Good In-Plant 
Health Program? 


Admiral Ben Moreell? had a deep per- 
ception of the value of industrial medicine. 
He knew the health services and especially 
the environmental health service which 
made victory possible in the battle of the 
Southern Seas. He addressed himself to 
that question in a speech, in 1955, as fol- 
lows: 

A good industrial medical program has as its 
prime purpose the elimination of hazards to the 
health of its workers. The target is prevention. 
This requires detection of current and potential ex- 
posures in the work environment; health educa- 
tion; individual worker counseling; competent 
craftsmanship in medical work; rehabilitation; pro- 
tection of the community pollutions; contributions 
to community medical services; cooperation with 
the general practitioners in the community; and 
adaptation of industrial medicine to the total life 
and public health activities of the community. 

Let us expand for a moment on such a 
program of prevention. To begin with, it is 
less expensive to prevent than to repair the 
effects of accidents and breakdowns, wheth- 
er they be in material and facilities or in the 
work force. Modern business and industry 
have accepted the concept of preventive 
maintenance of equipment. It has been re- 
peatedly demonstrated that it is good busi- 
ness to prevent waste, breakdowns, and 
accidents. Let us apply the same logic to 
health maintenance. 


It is imperative that the plant physician 
acquaint himself with the entire plant he 
is serving—know its environmental condi- 
tions, its processes and products, the ma- 
terials that go into their manufacture, their 
uses and by-products, and last but not least 
—its people. What does this mean—to 
know the people? It means an understand- 
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ing, based on a capacity to make skilled 
observations and the experience to make 
good judgments of the physical and emo- 
tional make up of individual persons. Be- 
yond this, it means an understanding of 
how these persons add up and fit together 
to form an organic community which in 
turn has a personality and operates under 
a system of mores. Among all the experts 
with advanced professional training to be 
found in the usual large plant, traditionally 
it is usually the physician whose university 
and graduate years of study have centered 
on the problems and complexities of people. 
If anyone in the plant has the responsibility 
to understand the people of the plant, it 
might well be this physician. 

Learning about the technical environment 
of a plant is going to take a good deal of 
astuteness on the part of the plant physician, 
as well as some time and patients on the 
part of the plant staff and operational per- 
sonnel. The safety engineer and the indus- 
trial hygienist are indeed two very able 
allies for this learning process. I have never 
found any plant person reluctant to give 
his best knowledge of a process to the plant 
physician if but asked. 

And why all this study of the plant and 
its people? Only if we know these matters 
well can we effectively serve well—to keep 
people of the plant well! 

The examination at the time of employ- 
ment becomes more than a routine cata- 
loguing of physical defects; it is a reliable 
base-line from which to advise the employ- 
ment officer and the shop foreman on the 
work capacities of the applicant. Also, the 
examination is of use in making some esti- 
mate of the person’s adaptability, feelings, 
and attitudes. That worker is most produc- 
tive, most satisfied, who is doing what he 
can do best. In health services there is an 
identity of interest between the worker and 
the management. 

From this beginning examination, each 
new employee should experience the feeling 
that he was studied for his own benefit; to 
help in the process of fitting him to a new 
job, to search for hidden disease conditions, 
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and to counsel with him about such health 
problems as may be revealed. 

Subsequent examinations during the suc- 
ceeding years of his employment are exten- 


sions and variations of this first one. 
Workers with potential exposure to toxic 
materials or hazardous situations need to 
be examined frequently or may require 
certain specific kinds of clinical and labo- 
ratory tests. After each such investigation, 
the physician has the golden opportunity to 
review his findings with the person and to 
counsel with him. Close cooperation with 
and prompt referral to the personal phy- 
sician is in order. 

Individual health can change. Careful 
reexamination is the only way to discover 
these changes in the beginning. Early de- 
tection of serious illness often permits early 
correction and cure. 

The environmental health protection pro- 
gram related to a new product or new 
process often begins in the research labo- 
ratory. Observations by health experts of 
pilot plant operations can provide data 
which may be an invaluable guide to those 
responsible for plant design. Less toxic 
materials can often be substituted for more 
toxic substances.” 

Industrial hygiene personnel, cooperating 
with plant safety personnel, carry on ex- 
tensive testing procedures to identify and 
control noxious agents which might other- 
wise go unnoticed. Repeat visits and a con- 
tinuous log of observations in each working 
area may be needed for a proper appraisal 
or to provide assurances to the management, 
the employees, and the physician that safe 
working conditions prevail. 

The plant dispensary and the examining 
room provide the final test area for measur- 
ing the effectiveness of the environmental 
health program. The acute accident case or 
the chronic complainer may suggest a defect 
in the working environment. The doctor, 
the nurse, and the industrial hygienist are 
constantly aware of this possibility. A more 
systematic check of the entire plant’s opera- 
tions is provided by the periodic health 
examination program. 
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Now, a good in-plant health program 
does not solve all problems. Sometimes it 
temporarily creates them. Conditions are 
found which have existed in the environ- 
ment or in the person in a quiescent form. 
Ordinarily, attention is called to their ex- 
istence only when acute breakdowns of 
health occur. For example, the way to elim- 
inate the scourge of tuberculosis from an 
industry or a community is to seek out in 
the population group all those who are af- 
flicted, to bring them under treatment or 
observation. When a new Medical Depart- 
ment begins its study in an old industry, 
almost invariably will it find new cases of 
disease. This is but one example. But it 
is one that has a costly impact on the in- 
dustry and on society. There are many 
others. This brings us to the next question. 


Why Have One? 


What is the basis of such a program? 
The poet Edwin Markham gives us this 
clue: 

Why build these cities glorious 
If man unbuilded goes? 

In vain we build the world 
Unless the builder also grows. 

The impact of certain economic and hu- 
man relations factors is causing executives 
to recognize the positive aspects of an occu- 
pational health program. No longer is the 
reduction of compensation costs the sole 
reason. Instead, they are looking at it from 
a broader perspective, as a necessary com- 
pany function. 

A properly functioning and knowledge- 
able staff creates a feeling of confidence to 
all those with whom it comes in contact; the 
workman and supervisor alike sense this 
feeling. Have you ever walked into such 
a department and found this atmosphere 
generated by the physician and nurses? 
Weren't you impressed with the fact that 
there is very little exchange of conversation 
between the staff and the workman or 
among each other? Yet this attitude per- 
vades the whole scene. Why? Because the 
staff knows its business—they are familiar 
with the operations, they are familiar with 
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the terms, techniques, and jargon used by 
the men of the plant. The workman at once 
recognizes this. He is confident that what 
he reports is understood. With this recog- 
nition comes a quick and even warm but 
quiet report. He is justified in this feeling, 
for through the hands and minds of this 
staff, week in and week out, these problems 
are funneled. Who has had a better oppor- 
tunity to study them, to follow up on them, 
and to learn to handle them effectively? 

Contrast this system with one in which 
these various problems would go to several 
different physicians outside of the plant, 
unrelated to it and unacquainted with its 
physical peculiarities or its social mores. 
Each of these physicians is at a distinct 
disadvantage because he only occasionally 
sees a plant-related problem, sees each one 
but fragmentarily, and has little opportunity 
to fit a series of isolated experiences into a 
solid fund of knowledge. 

Not only are the professionals of a good 
in-plant health program uniquely qualified 
to develop the kind of understanding of 
people which is so badly needed; they have 
the further advantage of a noncompetitive 
location in the plant administrative struc- 
ture. They are a little aside from the hustle 
and bustle of plant operations—out of the 
line of struggle for the positions of admin- 
istrative power. One result of this is a 
capacity to look at the contestants with 
some objectivity, and another is that the 
contestants are not afraid to trust the ob- 
servers. From all of this comes an un- 
equaled opportunity for plant physicians 
and nurses to study and understand the 
social interchange that goes on at various 
plant levels, as well as the emotional dy- 
namics of persons and groups. 

Usually in talks of this kind we speak 
of this as health counseling and health educa- 
tion. In effect, this is often thought of in 
industry as part and parcel of a mental 
health program. I think we should define 
mental hygiene as that state of mind that 
has been attained when a person has learned 
to lead a satisfying life regardless of his 
position, situation, or problems. It can 
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never be given. The individual has to work 
for it. As a result of the satisfactions he 
obtains in the process of working, he 
achieves good adjustment. 

Perhaps the most important reason today 
for an effective in-plant health program is 
the early detection and prevention of illness 
and disease. Here is the big payoff! Many 
of the techniques of prevention, meager as 
they are today, can be applied through a 
periodic examination program. Such pro- 
grams have become very popular in most 
of our larger industries at the executive 
level. The economic costs of such programs 
are generally accepted as protection of in- 
vestment in high-priced manpower. The 
yield from periodic examinations is about 
one in five—meaning one new, unknown, or 
previously known but neglected disease in 
five examinations. 

Dr. Roberts,®? the chairman of this meet- 
ing, stated, “there is an impressive con- 
sistency in which at least 15 per cent and 
up to 40 per cent of those examined are 
found to have a significant disease or defect 
of which they are unaware. In as many as 
one-half to two-thirds of the cases, these 
disorders are without symptoms when so 
discovered.” 

In a recent year at the Cleveland Works 
of our company we surveyed the entire 
plant population. Approximately 3,000 
workers were examined in the space of 
three months. In the course of these ex- 
aminations many previously undiagnosed 
medical cases, such as hypertension, obesity, 
and visual disturbances, were found, along 
with many surgically correctible disorders, 
such as inguinal hernia. One of the amaz- 
ing features that was disclosed by this sur- 
vey was that a major portion of this group, 
living in a large, enlightened metropolis, 
had not visited a physician for periods 
ranging from 5 to 25 years. 

Prior to this examination, many of these 
workers had developed a purely defensive 
attitude towards the company medical pro- 
gram. This mass exposure of the plant 
population to its medical personnel has cre- 
ated, and rightly so, the impression that the 
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individual’s health is of concern to the man- 
agement group. They have learned that this 
is not just a selfish interest but a real desire 
to raise the health standard of the entire 
plant group. 

Only recently one of the group initially 
surveyed was reexamined. On his initial 
visit it was discovered that he was diabetic; 
on his second visit it was discovered that 
he had an undiagnosed, curable skin cancer. 
His comment, “Gee, Doc, these exams are 
all right,” fairly well typifies the attitude 
of the individual toward an adequate health 
program. 

A study of the results of inoculations for 
Asian influenza, in 1957, by the DuPont * 
medical group demonstrates another exam- 
ple of the value of preventive medicine. 
They surveyed 30 of their plants with 
33,000 employees, 19,000 of whom accepted 
a voluntary vaccination program. The inci- 
dence of “flu” was 77% higher in the un- 
vaccinated group. If the unvaccinated 
employees had all taken this precaution, 
they would have had 8,381 fewer days sick 
in bed. The study calculated that if nobody 
had been vaccinated, 18,000 additional em- 
ployees would have been hit by the “flu.” 


What Does It Cost? 


There seems little point in belaboring 
value of in-plant health programs in reduc- 
ing workman’s compensation costs. This 
was the major reason for beginning them. 
Even the most meager ones pay their way. 
The fact that they have increased is amply 
evident that their presence is economically 
sound—even today when there has been a 
95% reduction in accident frequency ® since 
1912. 

Yet many of our old difficulties are still 
with us. Silicosis remains the most impor- 
tant occupational disease in the United 
States in terms of disability, human suffer- 
ing, and compensation costs, according to 
Dr. Harold Magnuson,® of the United 
States Public Health Service. 


The cost to industry for personal illness 
and hospitalization is 8 to 10 times the cost 


135/299 


F 
= 
ig 
¢ 
| 
ye 
fei 
fue 
4 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


for occupational illness and injury.? So, it 
would appear that the economic stake in- 
dustry has in this area is in averting disease 
or, if avoidance is not possible, the amelio- 
ration of the more serious consequences. 
Confronted with an aging population, we 
need to develop more skills in preventive 
medicine and rehabilitation. 

There are indeed some parallels here. In 
the early part of the century, industry faced 
up to its need to control accidents and in- 
juries. Our very effective safety movement 
resulted. Today, industry is faced with 
paying for sickness. Preventive measures 


again seem, in part, to be the answer. More 
comprehensive in-plant health programs will 
go a long way in meeting these require- 
ments. 

Let me end with a quote from Dr. Will 
Menninger 


Menninger, of Foundation, 


“Our privilege is not only to help a man 
make a living, but to make a life!” 


Jones and Laughlin Steel Corporation. 
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DDT: The Insecticide Dichlorodiphenyltrichloroethane and Its Significance: Vol. II: 
Human and Veterinary Medicine. Editor of the monograph, Dr. Paul Miller; 
Editor of Vol. II, Samuel W. Simmons, Ph.D.; Authors of Vol. II, Wayland J. 
Hayes Jr., M.D., Ph.D.; Samuel W. Simmons, Ph.D., and E. F. Knipling, Ph.D. 
Price, 66 Swiss fr. (about $16.50). Pp. 570, with 63 illustrations (mostly graphs), 
65 tables, and 1,556 references. Birkhauser Verlag, Basel, Switzerland, 1959. 

It is generally known that Paul Miller received the Nobel prize for his discovery of the 
insecticidal activity of DDT. It is perhaps less well known that Dr. Miller is the editor of 
a monograph on DDT, the second volume of which has now appeared. The first volume 
(containing Sections I-V), by Dr. Muller and four other distinguished European scientists, 
was published in 1955. It dealt with the physics and chemistry of the compound, its mode of 
action in insects, and its use for the protection of forests and of stored products. 

The second volume carries the subtitle “Human and Veterinary Medicine” and is in three 
sections. The first, entitled “Pharmacology and Toxicology of DDT,” is by Dr. Hayes, of the 
U.S. Public Health Service, who is noted for his studies on the toxicology and field applica- 
tions of pesticides. This section includes 12 chapters, totaling just over 200 pages and 685 
references, which treat of clinical effects, dosage response, pathology, and physiology and 
further includes toxicity to man, exposure of workers, residues, protection from excessive 
exposure, and hazards to domestic animals and to wildlife. The form of presentation lends 
itself to consecutive reading, and the liberal number of clear headings permits its use for 
reference. Much information has been tabulated, so that the numerous contributions may be 
compared readily. In some instances these comparisons reveal information not explicit in the 
individual papers; an example is the demonstration that 10% or more of the ingested daily 
dose of DDT can be detected routinely in the milk of cows. Comparisons have been facilitated 
by conversion of original measurements into uniform standard units. This is but one indication 
of the detailed and critical review which has been made of the voluminous literature on DDT. 

The second section, titled “The Use of DDT in Human Medicine,” is by Dr. S. W. Simmons, 
of the U.S. Public Health Service, whose leadership in research on the chemical control of dis- 
ease vectors is well known. This section of 256 pages contains 11 chapters based on 668 refer- 
ences. Primary attention has been given to malaria control, but the control of two other great 
epidemic diseases, plague and louse-borne typhus, is also fully covered. Other diseases whose 
control has been discussed to the extent which research has permitted are filariasis, dengue fever, 
yellow fever, virus encephalitides, diarrheal disease, cholera, phlebotimus fever, bartonellosis, 
yaws, louse-borne relapsing fever, trench fever, murine typhus fever, Chagas’ disease, scrub 
typhus, and scabies. The control of pest insects is discussed, as is the use of DDT for the 
disinfection of aircraft and ships. A chapter on resistance of insects to DDT concludes the 
section. One cannot avoid being impressed from the reading of this section with the tremendous 
progress which DDT has already brought in the control of human disease in almost every part 
of the world. Epidemics of plague and louse-borne typhus have been halted by DDT for the 
first time in history. Malaria control has progressed to the point that we now dare speak of 
eradicating the disease. So far, only a few papers have offered any measurement of the reduc- 
tion of absenteeism or the decrease in their admittance to hospitals. It is hoped that more 
attention will be paid during the next decade to the industrial and economic effects of disease 
control. 

The third section, entitled “The Use of DDT in Veterinary Medicine,” was prepared by Dr. 
Knipling, who for many years has been in charge of related research in the U.S. Department 
of Agriculture. This section, composed of five chapters (63 pages), is devoted largely to the 
control of specific arthropods which attack livestock and other domestic animals. 

As the result of an unfortunate printing strike, the publication of the volume was delayed; 
the latest references are for 1954. There is, however, compensation for the delay in the excellent 
appearance of the volume and its relative freedom from error. Considering usual European 
thoroughness, it is odd and regretful that the volume has no index. The volume covers the 
critical period in the medical history of DDT. But the importance of DDT continues. In 1959, 
it is still manufactured in greater tonnage than any other insecticide. Under these circumstances 
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a thorough, critical review of the medical significance of the compound is most welcome. The 
volume is destined to be a classic. 


Health Statistics (from U.S. National Health Survey) Series B-11: Limitation of Activ- 
ity and Mobility Due to Chronic Conditions in U.S.A., July 1957 to June 1958. By 
U.S. Department of Health, Education, and Welfare, Public Health Service. 

This report presents statistics on prevalence of limitations of activity and mobility among 
persons with one or more chronic conditions by age, sex, residence, family income, and major 
activity, based on data collected in household interviews. The terms used are defined and 
illustrations of the questions and questionnaire presented. Conditions are chronic illnesses or 
impairment to activities. 

All figures given are estimates whose accuracy depend upon the efficiency of the multistage 
probability design used. The crucial fact is that the sampling process is not completely described, 
hence one must accept the data on faith or seek further knowledge elsewhere. The most likely 
errors may lie with the assumptions that the small samples are representative of the entire 
U.S.A. and that the answers from the household members 18 years and older regarding medical 
knowledge of their disabilities are accurate. 


A summary of the essential estimates for noninstitutional population is as follows: 

70 million persons have “a chronic condition” 

3.5 million persons were limited in their major life’s “activities” 

13.5 million persons were limited in their minor life’s “activities” 

1.2 million school and preschool children had “conditions.” The prevalence of “conditions” 
was inversely associated with income, directly with increasing age, and no striking difference 
was noted between rural farm and rural nonfarm and urban areas. 


J. P. Bartiett, M.D. 
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A man of 45 
’ and a moderate 
low-fat 

well-balanced 


breakfast 


In the middle years when a moderate reduction of fat 
in the diet is indicated for the maintenance of health 
and well-being, a basic cereal and milk breakfast merits 
consideration. Its fat content of 10.9 gm. provides 20 


the recommended dietary allowances of protein, impor- 
tant B vitamins and essential minerals. The lowa Break- 
fast Studies demonstrated that a well-balanced cereal and 


per cent of the total calories. Thus it is a moderate low-fat milk breakfast increased mental and physical efficiency 
breakfast. As shown in the chart below, it provides for during the later morning hours and that it was nutri- 
this age group and for most others about one-fourth of tionally efficient. 


recommended dietary allowances* and the nutritional contribution of a basic cereal and milk 
moderate low-fat breakfast 


Menu: Orange Juice—4 oz.; 
Cereal, dry weight—1 oz.; 

Whole Milk—4 oz.; Sugar—I teaspoon; 
Toast (white, enriched)—2 slices ; 
Butter—S5 gm. (about 1 teaspoon); 
Nonfat Milk—8 oz. 


Vitamin Niacin Ascorbic 


Nutrients Calcium Iron A Thiamine Riboflavin equiv. Acid 


Calories Protein 


Totals supplied by 
Basic Breakfast 503 20.9 gm. 0.532 gm. 27mg. S881U. 0.46mg. 0.80 mg. 7.36 mg. 65.5 mg. 
Recommended Dietary 

Allowances—Men, 45 Years 


(70 kg.—154 Ib.) 3000 70 gm. 0.8 gm. 10mg. SOOOLU. 1.5mg. 18mg. 20mg. 75 mg. 
Percentage Contributed 
by Basic Breakfast 168% 298% 66.5% 27.0% 118% 30.7% 444% 36.8% 87.3% 


* The allowance levels are intended to cover individual variations 


Cereal Institute, Inc.: Breakfast Source Book, 
959. among most normal persons as they live in the United States under 


Chicago: Cereal Institute, Inc., 


Food & Nutrition Bd.» Recommended Dietary Allowances, Revised 1958. usual environmental stresses. Calorie allowances apply to 
Natl. Acad. Sci.—Natl. Research Council Publication 589, 1958. individuals usually engaged in moderate physical activity. For 

BK dM Ml, ae tet office workers or others in sedentary occupations they are excessive. 


physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 
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he needn’t be grounded for long, 
yce you prescribe 


(PARAFLEX® + TYLENOL®) 


for muscle relaxation plus analgesia 
Prescribe PARAFON in low back pain—sprains—strains — 
rheumatic pains 

Each PaRAFron tablet contains: 

PARAFLEX® Chlorzoxazonet 125 mg. 
A low-dosage skeletal muscle relaxant 

A supcrior analgesic in musculoskeletal pain 

Dosage: Two tablets t.i.d. or q.i.d. 

Supplied: Tablets, scored, pink, bottles of 50. 


and in arthritis 


PARAFON 


with Prednisolone 


Each PARAFON WITH PREDNISOLONE tablet contains: PARAFLEX® 
Chlorzoxazone* 125 mg., TYLENOL® Acetaminophen 300 mg., 
and prednisolone 1.0 mg. 

Dosage: One or two tablets t.i.d. or q.i.d. 

Supplied: Tablets, scored, buff colored, bottles of 36. 
Precautions: The precautions and contraindications that apply 
to all steroids should be kept in mind when prescribing 
PARAFON WITH PREDNISOLONE. 


*electrical lineman +U.S. Patent Pending 


(McNEIL | 


.McNeil Laboratories, Inc « Philadelphia 32, Pa. 2s7A59 
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